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ABSTRACT 

The present situation of biology teaching in 
Australian secondary schools is described in Part 1 of the 
proceedings of the 1970 conference on "Biological Education in 
Australian Secondary Schools." The six papers discuss the 
relationship of biology to other science and non-science subjects, 
enrollment trends, teacher qualifications, and assessment practices 
used in each state, part 2 contains three papers which suggest some 
aims of biological education for Australian conditions, and a summary 
of the discussion of these proposed aims. Papers evaluating the 
Australian adaptation of the BSCS programs, the biology component of 
the New South Hales "Science" courses, the Queensland "Zoology" 
course, and the pilot course in "Human Biology" offered in Western 
Australia, are contained in Part 3. Three background review papers, 
on discussion as a teaching technique, on the value of laboratory 
work, and on research on "inquiry" teaching, are included, together 
with reports of working groups that discussed evaluation techniques, 
teaching techniques, and the appropriate content of future courses. 
The report concludes with a list of eight recommendations to the 
conference sponsors, the Australian Academy of Science. (AL) 
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PREFACE 



The papers published here were presented at a conference 
organised by the South Australian Biology Teachers 1 Association 
for the Australian Academy of Science* The residential conference , 
attended by teachers and biologists from all Australian states 
and one from the United States was held at Haywood, the South 
Australian Education Departments Xnserviee Conference Centre 
at Bridgewater in the Adelaide Hills* Since much important 
discussion, debate and exchange of information took place outside 
the conference rooms, a full transcript of the discussion of 
papers and of working sessions would only be a partial report 
of the discussion. For this reason, a summaxy of the conclusions 
reached is printed after each group of papers that were formally 
discussed. These summaries were presented to the conference at 
a final session and agreed to as a fair and accurate summary of 
proceedings. The recommendations for action that these summaries 
contain are reprinted separately as the final section of the report. 
Many people played an important role in, planning and conducting 
this conference. The other members of an ad— hoc committee of the 
S.A, Biology Teachers Association, (Mr. L. Bamford, Mr. X, Mosel, 
and Mr. P, Thomson) all assisted greatly in the planning of the 
scope and programme of the Conference, Mr, Bamford was responsible 
for lias on with the Australian Academy ofScience through Professor 
R. N. Robertson FAA. It was largely through their efforts that it 
was financially possible for participants from all States to attend. 
The assistance of Academy of Science Field Officers in suggesting 
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the names of participants was extremely useful. 

The courtesy and efficiency of Mr, R„ ©♦Hare, Mr, Cameron 
and their staff at Haywood was greatly appreciated by all conference 
members, Acknowledgements are also due to all State Departments 
of Education and other employing authorities for facilitating 
the attendance of members of their staffs. 

The Conference is greatly indebted to the efficient and 
rapid work of Miss K, Johnson who, aluhough faced with seemingly 
imp ossible deadlines, was able to produce copies of papers for 
all conference members before the conference commenced, 

A, M, Lucas , 

July 1 s ^970» 
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OPE^G ADDRESS 
D. J. ANDERS 

Mr. Chairman , Ladies and Gentlemen, 

I am extremely pleased to he with you today and to welcome 
this distinguished gathering to Haywood, In these beautiful 
surroundings, which have been the venue for a succession of 
important conferences, I know that your discussions will be 
profitable and that your informal meetings with each other will 
lead to frien ds hip and a deepened understanding of the problems 
that are under consideration, I ho ;e that you will leave this 
place with happy memories, refreshed and stimulated for the 

tasks upon which you are engaged, 

I have a deep conviction which I share, I am sure, with you 
that the important questions that the world faces at present 
are fundamentally biological ones and that biology as a school 
subject has a great deal to offer - perhaps more than any other 
science — both in educational development and in social under- 
standing, 

I am a biologist manque. When I first entered a Teachers ! 
College in 1 933 I asked the Principal if I might undertake what 
X thought was a splendid course offered by the late Professor 
BraHsford Robertson, It was a course in the Mental and Moral 
Sciences, containing a large serve of biology with some philosophy, 
psychology and logic as side dishes. It seemed to be to be the 
ideal course for a teacher, but I was informed, Mndly but firmly, 
that biology was a subject £> r girls taught by women. So I took 
another course and tacked some biology on when I had finis hed the 
Ciore serious studies, ' v V 1 ; 
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This, of course, was the position in the schools at that 
time. People seemed to have forgotten the sex of visitors like 
Darwin or Banks or Solander and chose to overlook the existence of 
the famous biologists who were teaching in the universities in the 
excitement of discoveries about the atom that were in the centre 



of the stage at that time. 

It was as though someone had paraphrased Dr. Johnstone - claret 
for boys, port for men and brandy for heroes* Mathematics and 
Physics were the intoxicating tilings then. Fortunately, the 
Australian taste for dry reds has improved over the years. 

Those of us who were concerned about the teaching of Biology 
in South Australia made our first attempts to introduce it more widely 
into the schools through the General Science courses of the forties. 
Although this move did not have great success at the time, it had an 
incidental effect of considerable importance in South Australia, 

In order to increase the academic range of teachers in Biolo®r , 



Professor J. G, Wood, Professor of Botany, made arrangements for 
selected teachers to pursue studies towards a higher degree through 
evening, weekend and vacation periods. One of the successful graduates 
was Dr. S. J. Edmonds, who played a si^piif leant part in later 
developments , 

The question of finding teachers with sufficient qualifications 



to teach Biology had always been a difficulty. Committee members on 
subject committees were forced to concede that, notwithstanding their 
success as teachers, most of the elemntary work was in the hands of 
^■‘•oaohers trained as teachers of physical education or of home s clenee 
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This position was not remedied to any great extent until the 
late fifties and early sixties when aU South Australian teachers 
undertaking science degrees were required to offer Biology among 
their first year subjects. Later, about 10^ of all such students 
permitted to undertake further studies in biology. This 
number has increased ever the years and now there is a substantial 
number of highly qualified teachers of biology in the schools. 

About ten years ago there was increasing dissatisfaction among 
teachers and university staff with the nature of the existing courses 
in Biology, Dr, P, Martin, now Professor of Botany, had led the 
discussions and had been responsible for the Introduction of new 
texts and more realistic syllabuses. He seized upon the B.3.C.3. 
materials when they were produced and with the encouragement of 
Dr, Edmonds, who was Chairman of the Committee, arranged for their 
introduction on a pilot basis in selected schools. The three versions. 
Yellow, Blue ana Green, produced in America were used. The teachers 
had little information about the methods or purposes of the courses, 
so the boot-strap organization, the Biology Teachers Association 
was f owned as a means of mutual help and consolation, Mr. Brian 
James was the leading spirit in tills group and inspired by hi s 
enthusiasm, teachers met regularly to exchange experiences and 
materials, to offer suggestions and to find some common ground, 

I still treasure the first publication of this group - a Biology 
Tea chars Bandb o ok - full of useful practical hints for the struggling 
young teacher of biology. 

It was at about this time that we became aware that similar 
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res were taking place in Victoria# Miss Effie Bes”b # now studying 
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In Columbus, Ohio, introduced us to Mr, David Morgan and Mr, Jonn 
Nicholas, I remember sitting with Lester Russell in a Biology 
storeroom at Adelaide Boys* High School listening to tape 
recordings prepared by David Morgan of a strange new technique 
called ’inq ui ry 1 , We were considerably puzzled by this, but 
decided if this was what had to be done, well, we would try it. 

Prompted by the enthusiasm of the teachers and at the insistence 
of Dr, Peter Martin, Dr, Edmonds arranged for Mr, Mayer, from 
the B.S.C.S. Project in Boulder, Colorado, to include South 
Australia in his itinerary. He addressed the now solid band of 
B.S.C.S, teachers and arrangements were made for the continued 
use of the B.S.C.S, materials until a local version was produced, 

I did not realize the magnitude of this concession until I met 
Dr. Crobmann in person. 

The task of producing an Australian version had to be faced. 
With the small nucleus of interested people determined to work hard, 
an approach was made to the Academy of Sciences for support. The 
South Australians on the Academy committee were fully aware of 
the situation and the Biological Education Committee of the Academy 
undertook the general oversight of the production. 

The general editor, David Morgan, and his assistant editors 
had a formidable task with inexorable deadlines all along the way. 
Materia! was produced, duplicated and sent around Australia for 
comment by interested people. The content and the practicability 
of the text was checked at many levels and the roll of honour of 
those who helped - for it was an honour to be associated with this 
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project - is found on the front and rear pages of the ’'Wet 
of Life". 

It was a magnificent production when it appeared and it 
has won praise everywhere. I have seen a letter from Dr. Schwab 
where his admiration runs to the hope that others will see fit 
to plagiarize it. 

It has been a wonderful boon in the schools and students 
are proud to carry it with them and show to envious classmates. 

We have now come to the stage where good materials have 
to be made even better. 

This Conference has been arranged and organized by the South 
Australian Biology Teachers Association with the support of the 
Australian Academy of Science which lias generously made a grant 
towards the accommodation and travelling esgrenses of visitors. 

I am sure that the discussions of this informed and interested 
group win lend to the production of even better .materials for 
use in schools. 

Biology, from being regarded as a ’soft option* by some, 
is taking its place as a major means of educating students in 
schools. 

I have much pleasure in declaring this Conference open* 
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SECTION I, 

THE, PRESENT SITUATION 

The six papers in this section describe the present 
situation regarding biology teaching in secondary schools 
in each state of the Commonwealth. They indicate how 
the biology component of science courses is interrelated to 
the other sciences and the other subjects of the c u cri culum . 

In all states all secondary students have at least some 
exposure to some biological ideas during their school courses, 
but many do not have any biology teaching after grade 9 or 
10 level. 
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QUEENSLAND, 
M. Specht, 



In Queensland, the last five years of a student's school life 
are spent at secondary school. The student enters the school at 
Grade 8 level, and proceeds through to Grade 10 before he faces 
a Public Examination - and possibly, after another two years, 
the Senior Public Examination. 

In Grade 8 all students in school cover the same syllabus 



in Science* 

The Aims of the course are % 



(1 ) To make students aware of scientific concepts and 
principles that function in their experience and to help 
explain them. 

(2) To help students acquire an understanding of scientific 
facts that are part of their environment, 

(3) To promote the development of such scientific attitudes as 
spirit of enqmry, open-mindedness, suspended judgement, 
intellectual honesty and sustained effort, 

(4) To provide a sound foundation, theoretical and practical, 
for ttie further study of the sciences, 

(5) To develop an interest in science and a realisation of its 



potentialities. 

Materials for the course have been selected according to three 



•iteria : 
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(1) The relevance of the material for this day and age. 

(2) Its importance as a basis for further study. 

(3) Its relationship to the interests and abilities of the 
students. 

The Biology in the course introduces the student to the living 
world, giving him a broad review of it. The syllabus suggests that 
45 periods from a total allotment of 150 for the subject be allotted 
to biology. 

Students learn something of: 

Differences between animals and plants , 

The cell as the structural unit of organisms. 

The cell as the functional unit of organisms. 

Animal diversity 

Plant diversity 

Evolution 

As practical work, students look at animal and plant cells, collect 
representatives of the animal phyla, and it is suggested that collecting 
excursions be undertaken. Practical projects for the section on 
Plan t Diversity are listed, e.g, collect and name representatives of 
plant phyla, of various types of roots, stems, leaves, flowers? 
germinate spores from fern, mushroom, germinate monooot and dicot 
seeds* show that a green plant contains water and carbon* show 
production of star oh in a. leaf? show that chlorophyll is necessary 
for production of starch in leaves* show osy gen produced during 



photosynthesis, oxygen used during respiration, carbon dioxide produced 
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When students have completed Grade 8, a choice of subjects 
lies before them. They may proceed with Science A, or enter the 
Gener al Science Course, or indeed, they may elect to do no Science 
subject at all. 

Science A proceeds through Grades 9 &nd 10, 

Science A. Grade 9 , During this year students study ecology, and 
65 periods out of 150 are devoted to it. Interactions in ecosystems, 
life in the sea, life on land, life in freshwater are dealt with. 
Feeding relationships, energy relationships, and biogeochemioal cycles 
are dis cussed as interactions. Two excursions are undertaken, to 
two of the major types of ecosystem. Students are expected to be 
able to answer questions in the Junior examination (essay or 



objective type) on their excursions knowledge. 

Science A, Grade 10 , During this year students have 56 of their 150 
periods devoted to Physiology - with a major emphasis on Man, though 
the treatment should be comparative. Emphasis is also on macroscopic 
structure and function. Students start with a broad body plan of 
man, proceed to tissues, skeleton, and the various systems; circulatory 
respiratory, nervous, endocrine, and reproductive. 

General Science ; This course is offered for those students who do 
not wish to proceed with Science subjects after Grade 10, 

The Aims of this course are; 

(1 ) To stimulate and develop the student , s interest and curiosity 




in physical and biological phenomena. 
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(2) To develop an understanding of those principles of science 



which are applicable to situations the adolescent is l ik ely 
to encounter in the home, at work, during leisure hours 
and in the immediate environment! 



(3) 



To provide a variety of learning experiences designed to 



foster the skills and attitudes involved in using the methods 



of science to solve simple problems j 



(4) To develop an understanding of the underlying nature of 

science and an appreciation of its romance, power, limitations 
and impact on our way of life. 



The syllabus states that the student should be placed in the role 
of explorer or discoverer, rather than he given a guided tour of 
knowledge. The syllabus repeats the emphasis on experiments, observation, and 
on the student's development of scientific attitudes. 

Six topics in the biological field are ooveredj four of them in 
Grade 9, two in Grade 10, They are: 

1 . How does a green plant work? 

2, Under what conditions do seeds germinate? 

_ 1 .. 1 " *" 

3. How can man grow better crops? 

4# How do otar bodies work? 

5* Animal and plant ecology. 

6* Life in a community. 

Students approach this course as a laboratory orientated subject* 
Agricultural subjects are also offered at this level. They are mostly 
taught in country High Schools, theu^i two schools in the metropolitan 




The subjects have some degree of overlap between 



» 
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them. 



They are': 



Agricnl tural Mechanics : to "be treated in the context of the farming 

and pastoral scene, not merely as phases of 
mechanics or agricultural engineering. The 



course consists of: 

(1 ) Historical survey 

(2) Fundamental mechanical principles 
(5) Farm plant and machinery 

(if.) Elementary field engineering 



(5) Engines and tractors 



Animal Husbandry : The 



is divided into three sections : 



(1) Types and breeds of livestock and their 
distribution 

(2) Elementary animal biology and animal health 

(3) The livestock industries. 

It is suggested that 6 C$j of the total teaching 
time be devoted to Sections (1) and (2) amd 
to Section (3). 

Agri c ul t ure : Teaching method should aim at the development of an 

experimental objective, and critical attitude towards 
agricultural pre-otices and problems. The syllabus is 
divided into five main sections and is based on 1?0 
teaching periods : 

(1 ) The development of agriculture in Australia (10 periods) 

(2) Agricultural ecology (80 periods) 
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(5) Crop processing and, storage (1 3 periods) 

(/'i) Elementary field engineering 

(5) Elements of farm management (20 periods) 

There is considerable emphasis on field and practical work 
of different kinds. 

Students taking these subjects are frequently from farming families, 
and expect to go on the land themselves. Some students aim to 
attend Agricultural College, or do an Agriculture degree. 

At the end of Grade 10, all students in school sit for the Junior 
Public Seam,* at the conclusion of it they either enter the job 
market, go to one of the Institutes of Technology, or proceed at 
school for two more years. In Grade 11 the subjects with biological 
content are Biology (Web of Life) and Zoology . 

Biology: The' Austr alien version of the B.3.G.5. materials was introduced 

into pilot schools in Queensland in 1 968, at the same time 
the teaching of Senior Botany and Physiology was wound up. 

As there is no Leaving examination, students proceed through 
a two-year period to the Senior examination, tald,ng 
internal examinations on the way. 

Only the pilot course has completed its two years; teachers 
dealt with all chapters marked as essential in the Teachers 
Guide, and set the remaining chapters as reading assignments, I 

TESTING- : Grades 8 - 10. Internal until Junior Public Exam. I 

Ail students sit for the Junior Public Exam — there is no 
arrangement at present, as there has been in Victoria and 
South Australia, for internal exams, s 

Science A: One paper of hours duration* 

Mainly objeot^^ questions, (sin^Le word 
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answers, single sentence answers, multiple 
choice, matching, drawing of diagrams, labelling 
of given diagrams), together with some essay, or 
egression type questions. 

The number of marks allotted to the various sciences 



represented in the paper will be approximately 
proportional to the time allocations for those 
sciences as set out in the syllabus. 

General Science ; One 2— hour paper will be set on the syllabus 

in General Science for Grades 9 and 10, 

The questions will b© mainly objective-type 
together with some short conventional- type 



questions , 

Agricultural Mechanics : Examination papers will be divided 

into two sections | Section A contains questions of the 
objective "type, all of which must be attempted. 

Section B contains questions of the essay type and alter- 
natives will be given. 

It is suggestsd that one hour be allocated to Section A and 
two hours to Section B, Sections A and B carry marks of 
approximately equal value. 

Animal Husbandry : as above, adequate choice of questions 

allowed in axam paper gives teacher freedom of teaching, 
Agri culture : as above. 

In all agricultural subjects examiners take into 
consideration 
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(a) English, particularly clearness and conciseness 

(b) legibility 

(o) general neatness. 

Grades 11 — 12, Exams, are internal until the Senior Public Exam 
at the end of Grade 12, 

The Senior Public exam is used for matirulcation to University! 
testing for Biology consists of one three— hour paper made up of 
objective, short answer and one essay question. 

Teachers have formed an exam panel which lias tried to make up a 
bank of questions for use bv other teachers and for the examiners 1 
use or information. Questions have been obtained from school exam 
papers, 

QUALCTIOATIONS OE TEACbERS, 

The numbers quoted in the accompanying table have been compiled 
from teachers who have attended the Preparation Courses held for 
teachers entering Senior Biology, Three of these have been held 
I 967 — 69 , .Among these teachers were Teachers College, a few 
of whom are currently teaching science subjects. The numbers 
cannot be considered accurate, or necessarily representative, 

STATUS 

This has been a report of Biology teaching as it now exists. By 
the nature of the report, it will be only of temporary value. The 
students who sat for the Matriculation exam in 1 9^9 were the first to 
go through under the syllabus as outlined here! "but soon the Junior 
Public exam will be eliminated. Students at present in primary 
school are learning Science there, so that they will enter Secondary 
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school with some knowledge of Science* Students now spend one 
more year at Teachers College than did their companions who have 
just passed out as teachers. 

The scene rapidly changes. 



O 
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STUDENT NUMBERS 







Biology General Science 


Agri culture 


Zoology Biology 


Grade 


S 


33,268 






Grade 


9 


18,643 






Grade 


10 


17,103 1,346 


353 




Grade 


11 






2,000 


Grade 


12 






1,911 567 



( 1969 ) 



Senior subjects 


over the 
Botany 


last five years 
Physiology 


Zoology 


Biolorar 


Total 
enrol Imeni 


19 66 


76 


348 


2084 


- 


S3c4 


1967 


104 


383 


1367 


- 


10295 


1968 


120 


542 


2033 


- 


10233 


1969 


8 


353 


1911 


567 


11141 



TEACHER QUALIFICATIONS 

(Sample j Teachers who attended the three Preparation Courses for Senior 
Biology held in 19 67 , *1968 and I 969 , Including Teacher % a College students , 
a few of whom are currently teaching science subjects.) 



University degrees 

Without Biology content 10 

First degree with Biology content 26 

Post graduate qualifications a) Dip. Ed. 20 

b) Masters, Ph.D. 10 

Tertiary Diploma 

(A. Ed. | Dip. Physio, | Q.I.T. lab,, Tech., etc; 



Q.D.A,; Q,D,H»| Dip. Phys, Ed.; Dip. App. Chem.j) 23 



Non-graduates, some University Biology subjects 



No Tertiary Biology content 
C olle ge s ub j e cts , ) 

o ■.;■■■■ 




(other than Teachers 




106 

4-5 
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NEW SOUTH WALES 



G,L. MACDONALD 



The new system of secondary education in New South Wales , 
introduced in 1 962 , adopted a six year plan involving two Public 
Examinations, The four years of junior high school terminate 
with the School Certificate Ibcamination and are followed by two 
years of senior high school terminating with the Higher School 
Certificate Ebeamination, ' So far there have been five School 
Certificate Examinations and three Higher School Certificate 
Examinations, 

Biology, as a subject, is not taught in N.S.W, , there being 
only three science subjects available in the secondary curriculum. 
These are termed: 



1 , Science 

2 , Agriculture 

3. Sheep Husbandry and Wool Science, 

2 and 3 are specialised elective courses, taken by relatively few 
students. 



The Junior Course In Science 

The Wyndham Report on Secondary Education stated that "there 



are certain fields of thought and experience of which no adolescent 
should be ignorant". Science is one of these fields and thus in 
1 962 Science , for the first time, was made a compulsory subject for 




secondary school students 



as fi 



as the School Certificate . 



The junior syllabus is written and examined at three levels 

of difficulty: 

1 . Advanced 

2 , Ordinary - Pass and Credit 
3} Modified. 

This syllabus has been tried, revised and is popularly accepted 
as a worthwhile junior course. In content it contains 2/7 Biology 
together with 2 /? Physics, 2/7 Chemistry and 1/7 Geolo®r. It is 
intended to be taught as an integrated course in SCIENCE rather 
than fragments of the four separate disciplines. 

While the subject matter of the syllabus is stated under the 
four separate disciplines, it is intended that the integrating 
agent will be the teacher who will determine an approach suited 
to his teaching methods and to the needs of his pupils. The 
three main unifying ideas for this syllabus are Energy, the 
Particle Mode l of Matter and the Scientific Method . 

The biology of this course involves three main emphases : 

1 » energy relations 

2, adaptation 

3. evolution 

It includes the following topics: 

1 . how an animal works 

2. how a green plant works 

3. cells 

* 

) +m interdependence of plants and animals 

5. diversity of living organisms 

*f r 6. genetics 27 

7, evolution 



25 



Of the 700 teaching periods available over the four years , 200 
of these will be devoted to "biology. In this time it is expected 
that the pupil will be introduced to the rudimentary concepts of 
biological science in which principles , rather than morphological 
detail and natural history divers ity, will be stressed. The 
emphasis is on the study of the organism with the student being 
introduced to the concepts of t h e cellular ba si s of life and 
Int er dep e nde no e at the c ommunity leve l . 

Stress is placed on teaching by means of observation and 
experimentation in the junior school with some extensions into 
interpretation and ej^lanation especially at the Advanced Level. 
The content of the 'biology section of the syllabus is structured 
in such a way that the major part of the course can be taught by 
means of : 



1 , examining specimens 
2^ dissections 
3 # experiments 

4, field work of a simple nature 

In a well integrated programme of teaching there would be some biology- 
in each of the four years. An example of such a programme is given in 
Appendix A, The biology would be interwoven with the other three 
disciplines to produce an integrated course, /although the student 
has not accumulated a vast array of technical terminology* anatomical 
detail and life history studies at the end of this course, he has 
been introduced to the basic concepts of the Science of Life, 
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The School Certificate Course is a terminal course for a 
significant section of the school population and thus all these 
children have received some formal training in biology. 

The Senior Course in Science 

The situation here is by no means finally settled and there 
has been much controversy and publicity in the Press concerning 
Senior Science in N.S. V. 

At present science is being offered as a s ingle unit at 
three different levels embodying four courses: 

1, Third level — 6 periods per week — 1 subject status, 

2, Second level (short course) - S periods per week - 1 
subject status 

- *j 

3, Second level (full course) - 9 periods per week -If 
subject status 

A. First level - 11 periods per week - If subject status 
at a higher level. 

The third level course is an integrated science course and takes 
the form of a story designed to give a deeper understanding of man’s 
place in nature and the impact of science on man and his culture. 

The biology content considers the adaptive diversification of 
living things throughout the surface layers of the planet. It 
also gives some explanation of evolution through the understand, ng 
of gene ties a,nd considers man’s cultural evolution. 

The biology topics in this syllabus ar© : 

1. evolution of living things 

2, recent communities of animals and plants 
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3* the ©volution of man 

k-s g;; no tics and the meotaniam of evolution 
5» man’s exploitation of 'biological resources* 

Although the content of this course gives greater emphasis to 
co mm unity study and describes the evolution of man on the planet 
in its broadest sense # the spirit of teaching involved in it is 
essentially the same os the junior course* 

The aim of the biology in the Second Level Course is to 
present the principles common to all living organisms at three 
levels: cells, organisms and populations* The emphasis changes 

from organismal biology in the junior course to calls and populations 
in this senior course* Only in the Full Course are there specific 
topics on organisms (integration and Behaviour). Such a course 
is geared to show students something of the great revolution 
that Biology is undergoing. 

Cellular biology is studied right down to the level of the 
complex molecules characteristic of living cells* 

Tlie syllabus brings together genetics, evolution and ecology 
under the one heading of populations biology. Genetics is 
taught as the science of inheritance and origin of variation, 
ecology as the study of the distribution and abundance of species 
and evolution as the origin of the diversity of life on Earth* The 
ultimate understanding of many of the problems of populations biology 
will depend upon an understanding of events at the cellular level. 

Students studying the Second Level Full course may extend 
their studies in ONE discipline to Firs t Level Study . In biology 
© the topics studied (considered as one per term) are: 

eric: 
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O 

eric: 



1. cell metabolism ~ chlorop lasts, D.N.A, & R.b.A. 

2 „ behaviour - particularly unlearned, and learning in man 
3 # is tori cal development of Genetics 

4. quantitive study of the distribution and abundance of species 

5. quantitive study of succession. 

The Second Level and First Level courses should be thought of not 
as integrated but as interlocking sciences where points of 
similarity rather than differences between the disciplines, can be 

emphasised. 

The aim in formulating the biology of these courses has been to 
develop a course in modem biology rather than classical biology 
with the addition of some new topics. Some major problems still 
face those conoerned with implementing these oourses, the most 
important of which are : 

1. the development of suitable * appropriate practical work 

2. She devising of satisfactory teaching programmes 

3. the obtaining of effective teaching aids 

2j, # the learning of efficient teaching techniques appropriate 
to each topic, 

Although some argue that a reversion to separate disciplines at 
the senior level would be desirable there are strong arguments m 
favour of a course in SCXMGE at the secondary level of education. 

As far as biology is concerned, it is studied by nearly all students 
throughout their school life in associatio n with physios and 

strv . Ihis s ituati on is highly desirable for those wishing 
to continue with Biolo®r as part of their post secondary education. 

2 'HO 
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O lfHGE " THE? SCHOOL CER TX FXCATO1 COURSE - k- YEAR. FLAW 



J I - MAN - living in. a 
scientific age 

Heat 
Mr 
■ Water 
Earth 
Light 

Living things 
The Solar System 
Electricity 

The particles of natter 

The particles of living matter 

: E II - MAN - the living machine 



THEME III - MAN - at home on planet Earth 

A, The use of heat on Earth 

B, The substances from which Earth is made 

C, Heat in the Barth - rooks 
J)» Common substances of Earth 

E» The changing surface of the Earth 
E. Some useful products from the Earth 
&, Movements occurring in the Earth 

H, The vegetation of the Earth 

I, The communities of Earth 

J, The Earth's surface 

K, Building materials used hy man 

L, Movements on the Earth 



The foods of man 
The animal "body 
Obtaining and using food 
: Liquid transport systems 
Transport system in animals 
The energy of chemicals 
Release of energy in animals 
I The separation of materials 
; Excretion in animals 
I Ideas of motion 
i Movement in animals 
'Stimuli received by man 
I The senses of man 
j The nervous system of andma/LS 



THEME IV- MAN - at the frontiers of knowledg e 

A. The behaviour of chemicals 

B. How chemists calculate 

C. Knowledge and the use of energy 

D. An electric age 
E # Man in space 

E. Earth history 

G-. The history of life 

H, . The history of living things 
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First Form Course Second Form Course 



Third Form Course Fourth Form Pours 







5 



4 



A - H 



I - J A - L 



M - N A - H 



I - L A - H 
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APPENDIX B 

of Candidates sitting for Public Examinations in N.S.W, 



YEAR 


SCHOOL 

CERTIFICATE 


higher sck 

CERT IF IC A 


1965 


35,512 


— 


1966 


40,423 


- 


1967 


45,526 


18,336 


1 968 


53,581 


23,562 


1969 


57,7 63 


26,a62 


1 970* 


61 ,500 


31 ,100 


1 971 * 


64,250 


33,300 


1 972* 


67,700 


35,300 


1 973* 


72,100 


37,700 


1 974* 


74,330 


39,000 



* Estimates 
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1 969 SCHOOL CERTIFICATE EXAMINATION 



LEvm 


No, ENBSEJ® 


# ENTRY 


fo PASS 


A 


21 ,890 


37*8? 


28,7 


0 


33,059 


57.24 


Credit 23.5 








Pass 35*5 


M 


2,814 


4.87 


4.8 


TOTAL 


57,753 


100,00 


92.3 



Percentage candidature at Ad-yanoed Level 



1965 


27.21 


1966 


28,94 


1967 


55.52 


1968 


34.82 


1969 


37.89 
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APPENDIX D 





1969 HIGHER SCHOOL 


CERTIFICAT 


'EXAMINATION 


LEVEL 


No, ENTERED 


fo ENTRY 
SCIENCE 


% ENTRY 
TOTAL 


I 


2,514 


12,06 


9.52 


IX E 


4,639 


22.22,. 


17.54 


II S 


8,799 


42.24 


33.12 


in 


4, 88 A 


23.46 


18.204- 


TOTAL 


20,836 


100,00 


78.62 



PERCENTAGE AWARDS -196$ H.S.C, 



ENTRY 


I 


II P 


II S 


III 


-Award 

1 


5.0 


— 




— 


11 F 


6,0 


15.4 


- 


- 


II s 


0,4 


3.4 


28.4 


- 


in 


0.4 


1.5 


5.3 


20.0 


PAIL 


0,3 


2,0 


8.5 


3.4- 


TOTAL 


12,1 


22.3 


42,3 


23,4 
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QUALIFICATIONS OP TEACHERS 
Only figures available are fi m a 1 967 survey. 



LEVEL 

II F Biology 

II S Biology 



QUALIFIED TEACHERS 

83ft 

18 % 



,f Qualified teachers 11 are those who are trained teachers with a 
sucoessfuUly completed University course in Biology, 
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APPENDIX F 
TESTING- PR O CEDUSB3 

SCHOOL CERTIFICATE 

Award given on a composite mark gained from the examination 

result and the school assessment in the following ratio* 

. Scaled school assessment _ 

Scaled examination score ' 1 

SCIENCE EXAMINATION PAPERS 



LEVEL TIME 
M 1 hr. 



0 



A 



1A hr. 



2 hr. 



TOTAL MARK 



125 



150 



STRUCTURE 

35 multiple choice 
1 5 single statement 

Part I - pass 

50 multiple choice 

1 written answer 

Part 2 — credit extension 

1 written answer 

15 single statement 

70 multiple choice 
1 5 single statement 
2 written answer 



Appendix P continued on next page. 
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B. HIGHER SCHOOL CERT IE IC ATE 

Award gai ned on scaled examination score. 



SCIENCE E^CAMBfATION PAPERS 



LEVEL 


tb® 


TOTAL MARK 


STRUCTURE 


in 


2 hr. 


100 


32 multiple choice 
32 single statement 
6 paragraph answer 
ij. essay type 


II s 


3 hr. 


130 


5/6 sections, each 
containing 








6 multiple choice 
6 single statement 
2 paragraph answer 
1 essay type (26 marks 

each) 


II F 


3 hr. 


195 


5/6 sections, each con- 
taining 








8 multiple choice 
8 single statement 
2 paragraph answer 
1 essay type (39 marks 

each) 


I 


II F 


2?0 


Paper 1 - II F paper 




+ 

2 hr. 




Paper 2 Three essays out 



of five AIL in 
ONE discipline. 



Note : — 

Th.© Total Mark sliown is an indication of the vj e i ght in^ given 
to each level in the determination of order of merit lists at the 
School Certificate and High School Certificate Examination. 

O 
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VICTORIA 
L. E. Morgan 



In Victoria, at the secondary level there are three separate regions 
of biology education, the technical schools, the junior secondary 
in the high schools and the senior secondary in the high schools. 
Unfortunately , up to this stage there lias not been a great deal of 
liaison between these three groups. 

I will describe briefly what is going on in each of these groups. 
Secondary education is devided into 6 stages, forms one to six. 

I. TECHNICAL SCHOOLS 

Tn the technical schools Science is compulsory until the end 
of form 4. This means that all students study some biology 
during their first three years at the technical school* After 
that if they choose Form XV Science Fhrt 1 they also study some 
biology and if they study General Science or Biology in form V* 
However, at form IV most of the better students do Science 
Part 2 which Is just physios and chemistry. This means that 
usually only girls and some of the weaker boy students do some 
biology at a higher level. 



There is some difficulty with the teaching of biology in the 
technical schools as most of the science teachers are trained 
in either Engineering and/or Chemistry, and so their back- 




ground in biology is 



limited 
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Science - Forms 1-3 
Aims 

(a) To develop an understanding of a series of 1*8310 
scientifio concepts (as distinct from isolated facts), 

(b) To develop the ability to plan, conduct and evaluate 

experiments or researches, • 



Emphasis 

Puling this stag© the students carry out many expei imentu 
to try to find out answers to questions by their own 
investigation. The use of the library is encouraged. 



Content 

Form 1 - There are a total of 24 topics and 3 of these 
deal with biology — 

(a) Organisms feed, breathe, grow and reproduce, 

(b) Organisms are made up of cells* 

(o) Oells differ in type. 



O 
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Form 2 - There are 22 topics and 4 deal with biology - 
(a) All life depends ultimately on photosynthesis for food, 
(h) Many living things require oxygen to release ener^r 
from food* 

(o) Living things exist in a state of balance with their 
total environment • 

(d) Living things have survived because of adaptation 
to their environment* • > 



Form 5 — There are 24 topics and 4 deal with biology - 

(a) Foods contain chemical compound" , ®-g» oafbohy&x’ates , 
etc, 

(b) A balanced diet is necessary to develop and maintain 
a healthy body, 

(o) Careful preparation conserves food nutrients, 

(d) There are many techniques of food processing and 
preservation. 

At this stage there is an emphasis on understanding rather 
than just rote learning. The tests set by individual 
teachers are aimed mainly at comprehension and application. 

The test items are mtostly objective with a few longer responses. 

Sc ience Fart 1 — Form 4 
Alma ' ' 

(a) To present science as an inherent part of iian's 

culture and not just as a servant to trade and enginserin 
courses, 

(b) To present students with a wide range of scientific 
knowledge that will contribute towards making them 
effective citizens, 

(g) To show how the disciplines of a pure science can be 
applied to everyday problems. 

Bmp hasis 

The students at this stage sit for an external examination 
which contains mostly knowledge items and, as the syllabus 
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is long, little time is spent doing practical work and most 
time is taken up with formal lessons. This course is under 
review at the present time. 



Content 

Science IV Part 1 consists of two sections 

(a) Pure Science and 

(b) Applied Science. 

The Pure Science section is compulsory and includes Ecology. 
The aspects studied in Ecology include 
ecosystems 

biogeo chemical cycles 
energy 1 

limiting factors 
populations 

interspeoies interactions 
natural selection 
adaptation and 
ecological comm unities . 

In the Applied Science the students have to study Oonssrvati 
The section dealing with conservation includes 
man, the most powerful ecological factor 



O 
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need for conservation and methods of conservation. 
They may study Food, Science which is the Form 3 biology 
section expanded. ' 



ion, 
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Ge nerd Science - Form V 
Alms 

(a) To present significant material from the various 
"branches of science to enable a student to gain 
some understanding of himself and a knowledge of 
scientific concepts related to himself and his 
environment * 

Emphasis 

This is similar to the emphasis given in form IV" Science 
Part I, and for similar reasons. 

Content 

The biological content includes the following - 
physical basis of life 
classification 
animal kingdom 
physiology of man 
plant kingdom 
plant physiology 
other kingdoms 
rep reduction 
heredity 
evolution 




Biology — Form V 
Aims 

(a) To develop an understanding of the fundamental facts s 
laws and principles of biology * 

43 
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(b) To develop problem-solving sldlls based on these 

facts, etc., so that they can be applied to new situations . 
(o) To develop an understanding and appreciation of the 
contribution of biology to culture. 

(d) To develop basic practical skills of experimentation 

and of observation and recording of biological phenomena. 

Bmp has is 

Some schools do their own biology course which may be a 
modified "Web of Life", i.e», sections which seem to be 
appropriate to the particular students. In this case the 
individual teachers set their own examination, which has to 
he approved by the Te clinical Schools Science Standing 
Committee * 

Other schools use the set syllabus and do the external 
examination which has the emphasis on knowledge. The practical 
work is of the traditional type — observe and draw with very 
little experimental work. 
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Content 

This is based on the following sections - 
physical basis of life 
olassifi cation 



animal kingdom 

morphology, anatomy, histology of the mammal 
physiology of man f 
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plant kingdom 

morphology, anatomy,, histology of flowering plant 

plant physiology 

microorganisms 

reproduction 

heredity 

evolution 

field “biology. 

This course is under review. 



II, SECONDARY SCHOOLS - JUNIOR SECONDARY 
Forms 1 -» 4 

There may “be some biology at each level. This ranges from 
practically none to a whole term’s biology. Often the amount 
of biology included is determined by the background of the 
teacher. 



There is no external examination and no prescribed syllabus, 
so teachers are free to do what thej^ feel is suitable for 
their class, or as their background allows. 

The Victorian Universities and Schools Examinations Board 
(VUSED) Science Standing Co mmi ttee, however, recommends the 
use of the Junior Secondary Science Project (JSSp) materials 
in f o rms 1 and 2 , 
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The Green series is recommended for form 1 • This has 9 units 
3 of which deal with biological topics — 



4-3 » 

Unit 6 Energy fox- Life 

Unit 8 Food for Living Things 

Unit 9 Things and Places 

The E/ _l sanies is recommended for form 2. Once again •there 
are 9 units and 2 of these deal with biology — 

Unit 2 Loolring for Patterns 

Unit 7 How Mammals Function 



Jn these courses there is an emphasis on the individual 
activity of each student and the tests for the students are 
supplied with the materials. 



For ms 3 — h-_ 

A course of study is recommended for these two levels. 



■Aims 

Among the aims of the course are that the students should 
acquire — 

(a) -An understanding of the universe as conceived of by 
scientists . 

(b) Some understanding of the scope and nature of soignee, 
(e) Certain skills important to science. 

(d) Certain attitudes relevant to science. 




Emphasis 

The Standing Committee believes that a major emphasis should 
be placed on student activity in presenting science courses 



at these levels. 
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Content 



2*4. 



In fora 3 the year is divided into 11 units of approximately 
similar duration and 3 of these deal with biology- - 

1. Energy transformations in living things. 

2. Life in the soil 

3. Prom simple to complex organisms. 

In form 4 the year is divided into 11 units * the same as for 
form 3, and once again 3 units deal with biology - 
1 _ Growth and development 

2. Inheritance and variation 

3. The evolution and future of life on earth. 

A number of teachers actually do quite different courses, 
some of which are based on courses used in other States or 
other countries, e.g. Nuffield materials. Some have a 
practical emphasis, while others depend largely on formal 
teaching. 

III. SECONDARY SCHOOLS - SENIOR S BE ONDARY 
1 . Agricultural Science 
Fifth Form 
Aims 

The subject is intended primarily to provide a terminal 
course which is suitable as part of a general education. 
Its aims are as follows — 

(a) To stimulate interest in agriculture. 

(b) To provide an understanding of science as applied 




to agriculture 
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(c) 

(cl) 



45 . 

To develop an appreciate an of the contra. bution, 
of agriculture ‘to the community , 

To give experience in scientific method. 



Where vcr appropriate teaching should "based on direct 
observation and exp er inien ta.ti on , The course does involve 
learning a lot of facts, but the students should have some 
appreciation of the wider implication of the facts. 



Content 

The course is composed of three sections — 

(a) Environment (climate and soil) 

(b) Agricultural biology, 

(c) Principles and practice of plant and animal 

management , 

Sixth Form 
Aims 

The syllabus has been designed to help the pupil to so© — 

(a) Farm, plants and animals in relation to Jhe world of 
living organisms , 

(b) farm practices in relation to biological and economic 
principles and scientific method. 




Emphasis 

The importance of careful recording and scientific reasoning 



is to be stressed. 



particularly in practical work, 

4 ? 
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Gonteirb 

The course is corap osecL of four sections — 

(a) Environment (climate and soil) 

Ob) Agricultural biology 

(c) Agricultural ecology 

(d) Economic principles of farm management. 

Numbers taking Agricultural Science 
1 968 — 5th Form 

% Siudyin 

Total presented for Number of entries Agriculture. 

Agricultural Science for leaving Science 



Class A 


Boys 


G-irls 












56 


26 












82 




13789 






o.m 


Class B 


256 


46 












30 2 




19338 






1 .6^ 


Total for 
State 


384 




33127 






1 . 2 ^ 


1 968 - 


6th Form 








\ 

\ 





Number Attempting 
Whole Matriculation 
Examination 



Number Attempting 
Agricultural Science 



% Attempting 
Agricultural Science 
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14.617 
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2 e Biology 

Fxflh Form 

Students at this level study the "Web of Life" course , 
using the textbook "Web of Life" and the part 1 Student's 
Manual * 



O 




Midb 

The ajjg prescx^xbecL are Ihe same as "those set out on 
p. 6 of the Teacher's Guide, supplied with the "Web of 
Life" mat ©rials . 

Emphasis 

In order to meet these si ms , it is essential that a 
student's activities b© organized so that — 

(a) A major part of the -work involves direct, personal 
observation and ejqperimentation by th© individual 
student, 

(b) He learns to find things out for himself, and to 
think critically. 

(o) Concepts arise from a student's own experience 

whenever possible. (Biological knowledge should 
not be presented as a rhetoric of conclusions.) 

(d) Students gain practice in applying concepts developed 
in the course. 



Content 

The course content is basically chapters 1 — i 6 of the 
"Web of Life" together with the exercises set out in the 
Students Manual part 1. u w 



As a e s s ing St u&en t a 

If the school is classified as "Class A" then the biology 
teacher is free to set his own examinations, or use any 
appropriate testing system (see comments. Table 3) to determine 
which students should obtain a pass in the subject. Up to 
a point he can choose which aspects of the course he concentrates 
on and which he leaves out. If he wishes he can submit a quit® 
different course to the VUSEB for approval. 

On the other hand, if the school is "Class B" then the 
students sit for a 2-g- hour examination at the end of the year 
which is set by a panel appointed by the VU IB, This means 
that the students are expected to have covered certain basic 
ideas and basic exercises or their equivalent. This is roughly 
the material marked basic in the Teacher’s Guide for all 
chapters except 9 and 1 A which are not to be examined. The 
examination tests a variety of skills, not just knowledge, 

From Table 1 it can be seen that In 1969* 32,7^5 of the number 
of entries for Leaving studied Biology, while in 1 968 there 
were 29 , 8 ^ and in 1 967 2J.O/&, This suggests that there has been 
an increase in the interest shown, in the subject in the last 
few years , 

Sixth Form - v 1 



Those students study the second half of the ''Wei) of Life" 
and carry out exercises from the part 2 Student’s Manual, 



Th© aims and emphasis uf Oho course are similar to those 

for 5th form. 

All the students sit for a written 3 hour examination at the 
end of the year which is set by a panel of examiners appointed 
by the VUSEB, The material to be examined is set out in the 
VU8EB Handbook and is roughly the material narked basic in 
the Teacher’s Guide, Certain chapters are not to be examined, 
i.e«, chapters 50 , 31 , most of 52 , part of 34, part of 38, 40, 
part of 4*1 • However, quite a number of teachers include 
certain of the optional chapters md also quite a number of the 
optional exercises. 

This course was introduced into 6th form in 1 968 , and a study 
o-f* the percentage attempting Biology suggests an increase in 
interest, 

1567 , before this course was introduced 24-. 295 
1968 , the first year of the new course 25 , 1 /® 

1969 29. 1/? 

Teacher Qualifications 

The qualifications of teachers taking 5th form and 6th form 
are set out in Table 2,. 



The sample of 102 teachers taking 6th form biology all had 
some teacher training. There are not figures available at 



the moment to indicate what percentage of teachers taking 5th 



form, biology have no teacher training. 



Total 16932 I 4.927 
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TASMANIA. 



L» M» Muloahy, 



Tiio Schools Board of Tasmania was consti tuted in 1 SU-G and to ok 
out of the hands of the University the reap o risibility for examining 
students at the Intermediate level or Ath year of St'condr.jy Education. 
This examination was approximately equivalent to the present 
Victorian Leaving Bcamination, 

The Board remained as it was originally constituted, until 1 $ 66 
when it was reconstituted with a larger number of members selected 
f re m a vdder field of academic interests. At this time, too, changes 
were introduced which led to the abolition of the Schools Board 
Certificate and, to the adoption of the School Certificate which 
replaced it. Eventually in 1 969 , the University moved out of the 
school examining field and the Schools Soar'd replaced the Matriculation 
Examination with the Higher School Certificate, 

225 or of all candidates entered for Biology in I 96 I when it 
was first examined as a separate subject at School Certificate level. 
This figure increased to a maximum of 96 I or 2.^% of the candidates 
in 1966 , and since then there has been a gradual decrease to 85 O or 
11, 7/2 of the candidates in 1969 , One factor contributing to the 
deorr ■. n Biology student numbers was the preference for Science 
IIC, a maxed Science subject with the emphasis on human physiology. 

At the Matriculation level, now Higher School Certificate, Biology 

X)" “ Been examined for many years with a gradual Increase of can dida tes 

rnir 

MMimmii a maximum of 1 58A or 50,1^ of the total number of candidates in 
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"1 969 * The large proportioii of caT^idates offering Biology as a 
subject at Higher School Certificate level can he partly explained 
by the University Rules for Matriculation vdiieh demand a Science 
or Maths subject from candidates wishing to matriculate. However 
this picture may radically alter in the future due to two 
occurrences * 

First ? in 196? the then Minister for Education convened a -committee 
to examine the role of the school in society* The committee received 
evidence from all interested bodies and a report was compiled and 
published in 1 968* 

Among other things this report recommended: ,f Primary education 

and the first four years of secondary education should be general 
in nature^ with the same fields of study for all students*” 

Education Department Schools are following this principle and 
in consequence Biology will probably disappear as a separate subject 
for School Certificate in most of its schools^ being replaced by 
a general sdience . However this is not necessarily the case with 
Independent Schools or Catholic Schools* At least two Independent 
Schools have adopted the Nuffield Colors e of separate subjects and 
others are examining these courses at this time* 

The second factor that may bring about radical change is the 
alteration of the Rules for Matri eolation by the University so 
that candidates are no longer required to offer a science subject* 
Tasmania has 104 schools offering education at the secondary 
level 9 76 Education Department Schools^ 20 Catholic Schools and 8 
Independent Schools. The Derartment schools consist of 3 Matriculation 




only, 2 High schools providing 5 or 6 years of* secondary education, 

25 High schools and 3 District High schools providing 4- years of 
secondary education, 35 Area schools which provide mainly an 
agricultural education hut also 4 years of academic instruction, 
and 8 District schools which are combined primary and secondary 
schools „ 1 3 Catholic schools and the 8 Independent schools provide 

education to the 5th and 6 th years or High School Certificate 
le vel • 

In some schools pupils start the Biology course in their third 
year, after 2 years of General -Science,, In others Biology is not 
offered as a separate subject at all, and the schools offer a 
variety of other science courses. 

Biology may be offered at two levels. Level H and Level III, 
for the Higher School Certificate. 

School Certificate Biology' involves an elementary 3tudy of the 
structure and physiology of a mammal and of a flowering plant, 
together with ecology, heredity, evolution, microorganisms and 
classification#. The ’Web of Life* course for Higher School Certificate 
was first introduced into Tasmania in 1 9^7 and the old syllabus was 
gradually phased out, 1 9^9 was the final year in which candidates 
could choose alternate syllabuses. Level II is based on the first 17 
chapters of *The Web of Life' while Level III comprises the second 
half of the book only. 

School Certificate Biology is examined internally by schools, 

and candidates are accredited under a moderation system# To quote 

O 

the Schools Board’s Regional Moderation Handbook 19^9: 
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"The Schools Board of Ta.sma:d.a lias adopted the principle that 
teachers should he responsible for the assessment of* their pupils, 
and to this end proposes to use moderation procedures for the award 
of the School Certificate in 1969. These procedures will enable the 
Board to accept responsibility for standards through its Chief and 
Regional Moderators. 

To provide for decentralization, the Board has divided the state 
into eight regions. In defining the regions, the Board attempted to 
make each region as representative as possible of all types of 
secondary schools*" 

To summarise the procedure, regional moderation is designed to 
achieve reasonable comparabS.lity of standards between schools and this 
is done by subject moderators scrutinising each other’s examination 
papers, marking and results. 

The determination of final awards for individual candidates is 
the responsibility of the School Moderator who is usually the 
Principal of the school. 

Naturally there is a wide diversity in the examining methods 
in schools. Some schools give unit tests after each section of the 
syllabus lifts been taught; others give terminal examinations with a 
final examination in the third term of the 4 th year examining the 
whole syllabus* others give monthly testing on work covered during 
the current and previous months, and so on. 

Higher School Certificate Biology is examined externally, the 
examination paper being set by the Chief Examination, usually the 
Professor of the subject at the University, with the help of other 
examiners, usually members of the Faculty or related Faculties. 




Tcnohors of Biology in Tasmania veiy considerably in both 
academic qualifications and teaching experience . As in other Spates 
science teachers are a scarce commodity. Teachers of H.S.C. Biology- 
in Independent Schools are all experienced teachers and with one 
exception all possess science degrees. In Catholic schools the H.SoC. 
Biology teachers are graduates and experienced, while Matriculation 
colleges have graduate teachers although some are relatively in- 
experienced. 

School Certificate Biology teachers do not necessarily have a 
degree. Generally the situation is that the Senior Master in charge 
of Science in the school does have a degree, but teachers working 
in his department may not* 

Biology in Tasmania gained tremendously with the arrival of 
Professor Bruce Johnson who occupies the chair of Zoology at the 
University.* In consultation with other faculty members he was 
instrumental in changing the first year course from Zoology and 
Botany as separate subjects to a combined course of Biology. Even 
more important, the faculty provided a Biology coux'se which was a 
terminal course especially suited for Art students were 

interested in Science. 

In consequence many students who study Biology as their only 
science at Higher School Certificate level are no w able to continue 
their studies in the subject at University level for at least one year 
and this may later be increased to two or three years. 

Biology in Tasmania is at this time at the crossroads. The 
adoption of general science in preference to single sciences in 
many schools will naturally deplete the numbers of School Certificate 
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Biology candidates- Whether or not the relaxation of* Matriculation 
rules "by the University wd 11 have any marked effect on the number 
of students taking the subject remains to be seen. But whatever 
the case, the success of Biology as a subject will continue to depend 
upon the interest aroused by the courses offered, and the ability 
of the teacher to handle the' subject. 
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SOUTH AUSTRAL IA 
R. E. Page. 

This paper presents a brief background to the system of 
organisation of South Australian secondary schools, and then 
summarises in tabular and graphical form pertinent information 
about the status of biological education in this State in 1 970 . 

GENERAL ORGANIZATION 

Secondary schools cater for grades 8-12 with pwelth 
grade being the matriculation year. The students age range is 
from 12+ to 18+. Education Department secondary schools comprise 
High, Technical High and Area schools, and there are also Roman 
Catholic and other Independent schools at secondary leve 

In Departmental schools, and, to a lesser extent, ir 
Independent schools, a "track 1 ' system operates? all typ i of 
schools are becoming more comprehensive. 

Track 0 keeps open the way to matriculation; the content of a 
Track 1 course may fall short of a suitable preparation for a 
Matriculation subject, although it keeps open the way to most forms 
of tertiary study other than University; Track 2 subjects "pursue 
understanding and acquisition of skills ... [and] is mainly concerned 
with application of these matters to early entry into direct 
employment ... and to possible vocational studies ... Track 3 
syllabuses are used with Remove classes and Track A syllabuses 
with special classes" (1 ). There may be transfer between Tracks 
ERJG the end of each school year. 
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F3.gu.re 1 outlines the track system. Tn pnoh rectangle -the 



symbols show, from "top -to bottom: 

a) the Track, e.g. "3— 2 n means r: thir& year. Track 2. TT 

b) the percentage of students in each track each year, and 

c) the time devoted to science, if the student takes a science* 
In the senior school Track 0 the time allotment shown 

Is the time per subject, i.e., a 5 — O student t pV-i ngr 
both chemistry and biology would commit 2 x 24-0 minutes 
to science subjects * 



SC IENCE ORGANIZATION 



Recently the Department schools have attempted to rationalise 
the science syllabuses for all schools and all tracks* The newly 
formed Science Curriculum Committee with representatives expert 
in different types of schools and the different tracks within the 
schools should facilitate this rationalization* 

Subjects available 

In the junior secondary government schools the only science 
subject available for all tracks Is General Science. In grade 11 

4- 1 General Science, 4- — 1 Physical Science and 4- — 1 Agricultural 
Science; and 4- — 2 General Science are offered. In grade 12, 

5- 1 Biology, 5-1 Physical Science and 5 — 1 Agricultural Science 
are taught* In grades 11 and 12 Track 0 students may take Physics, 
Chemistry, Biology and Geology courses examined by the Public 
Examination Board. 

Objectives 

Two general sets of science objectives are now conceded in 

O 
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Corrten-t objectives — a study of the environment 

Behavioural objectives — how to fund out about the environment . 

An inquiry approach is recommended, leading to a knowledge of: 

1 * What kinds of things are in the environment? 

2. What are the materials of the environment? 

3* What are they made of? 

4* How do they interact? 

At the same time, it is an objective of the courses to teach: 

1 * Scientific skills (observations, classifying, testing 
hypotheses, etc*). 

2* Skill s in understanding (reorganizing and understanding 

concepts, etc.)* 

3* Laboratory skills. 

4. Communication skills. 

Testing procedures 

Although there is considerable variation, continuous assessment 
is carried out in most schools over the full five year period* This 
results in about eight assessment periods per year. No certificates 
are issued for academic achievement before grade 11. 

Grade 11 and 12 subjects in Track 0 and some Track 1 subjects 
are externally examined by the Public Examinations Board and certificate 
showing the grades achieved are issued to all candidates . In 
Tracks 4-2 and 5 — 1 the Education Department issues certificates 
based on the : 3 suits of continuing assessment plus a final examination 
which, although set and marked internally, is moderated by 
Department officers . 



BIO LOG-Y EDUCATION 



Students 

With the introduction o-f general science in the junior secondary 
school 3 in which all students deal with the placental mammal and the 
flowering plant, there has been a dramatic increase in the number 
of students taking Biology in grades 11 and 12 but, although the 
present matriculation requirements allow science — oriented students 
to include Biology In their subjects, it is still prudent for them 
to exclude it. Thus the majority of senior Biology students are 
u arts-type n students. If this position were to change it would be 
reasonable to suppose that the Biology explosion would present a 
great problem to Biology teaching resources. 

Figure 2 shows the great increase in relative numbers taking 
Public Examination Board examinations in Biology. 

Teachers and class size 

The following tables are based upon replies to questionnaires 
sent in 19^9 "to all S.A. biology teachers preparing students for the 
Public Examination Board Biology examinations. 
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Table 1 * 



TYPE OF SCHOOL 





ED. DEPT. 
METROPOLITAN 


ED. DEPT. 
COUNTRY 


ROMAN 

CATHOT.TC 


OTHER 

TN DEPENDENT 


TOTAL 


SETT 


70 


52 


18 


20 


160 


RETURNED 


24 


31 


11 


12 


78 


% RETURNED 


34 


60 


61 


60 


49 



Proportion of questionnaires I’etumed from each, type of school 
in 1 969* 

(Data in tables 2 and 3 are based upon this sample of biology teachers*) 
From this table it is obvious that the data may not give a true 
indication of the capabilities of those responsible for Biology 
teaching in the various scho Is. The sample may be far from random 
and heavily biased towards those teachers who are genuinely interested 
in Biology and/or Biology teaching* However,, more complete data are 
not yet available* 
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Table 2 . 

TYPE OF SCHOOL 



TEACHING- ED. 


DEPT. 


ROMAN 


ED. DEPT. 


OTHER 


TOTAL 


EXPERIENCE METROPOLITAN 


CATHOLIC 


COUNTRY 


INDEPENDENT 


YEARS 












0 -• 5 


12 


5 


17 


3 


37 


5-9 


9 


3 


10 


4 


26 


10 + 14 


2 


2 


3 


3 


10 


15 - 19 




1 


1 


1 


3 


20 + 


1 






1 


2 




24 


11 


31 


12 


78 


QUALIFICATIONS 












M» Sc. 

E, Sc. (Hons) 






2 


2 


4 


B. Ag. Sc. 
B. Sc. 


16 


5 


16 


7 


44 


Part degree 


7 


4 


10 


2 


23 


EDA 

Other m 


1 




4 


2 


7 






9 


32 


13 


78 


Dip . Ed. 


9 


1 


3 


3 


16 


Dip. T. 


13 


4 


18 


1 


36 


Part Dip. Ed. 


2 




3 




5 




24 


5 


24 


4 


57 


1 Bio/Sc . 












subject * 


24 


11 


31 


12 


78 


Pt. II Bio/ 

Sc. subject** 


17 


8 


21 


7 


53 


IN SERVICE 0 


5 


2 


8 


5 


20 


1 


8 


2 


13 


1 


24 


2 + 


11 


7 


10 


6 


24 




24 


11 


31 


12 


78 



Experience, qualifications and attendance at inservice conferences 



of South Australian Biology teachers. 




Only 1 Biological Science subject at a University. 

At least one part II level university Biological Science 



subject at a University. 
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Table 3. 



TYPE OE SCHOOL 





Education Department f 


Roman 


Other 


Total 




Metropolitan! 

. . ..... t 


Country j 


Catholic 


Tndep e ndent 






Gcra&e level 


11 | 


12 | 


11 1 


12 


11 


12 


1 1 


12 


11 1 

_. i 


12 


Class size 


; . 1 

1 


l 

i 

i 


j 

i 












1 




30 + 


7 


7 


1 


1 


0 

1 


O 


2 


2 

1 


12 


10 


25 - 29 


9 


6 


7 


O 


2 ! 
j 


O 


3 : 


0 


19 


6 


20 - 2 4 


8 


1 


8 j 


3 


4 i 

! 


2 


5 


9 


23 

i 


13 


15 - 19 


6 


1 

4 


8 


2 


i 

1 


2 

1 


3 


0 


16 


8 


•J- 

1 

O 

T- 


1 


2 


O 


4 


1 


j O 


1 


2 


3 


8 


1-10 


O 

i 

i 


0 


1 


4 


O 

i 

L 


1 


0 


0 


1 


5 ' 


! 31 

I 


| 20 

1 


25 


| 14 


[lO 

I . 


5 

1 — 


! 

1 — — — ~ . 


13 


| 76 

t 


| 52 



Distribution of* Track 0 Biology class sise in different types of 
South Australian schools, 1969. 

Examinati ons 



Since 1 967 the Public Examinations Board has worked closely with 
teachers to ensure that candidates were evaluated on the basis of the 
broad objectives of the course. The examination paper allows for 
some objectivity in grading, with about one third being multiple - 
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choice, one -third short response and one’ third essay - “type questions, 
This pattern is ifollov/ed in 5-1 Biology examinations , "but 
continuous assessment: plays a more important: part: in ihe Final grade 
-than does the Final examination. 

INFERENCE 

1 # Anders, D. J, , i 969 S,A,S,T,A, Journal , August:, 7 - *1 1 • 
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WESTER N A USTRALIA » 
Ko Jo Betjeman 



Introduction 

Although the topic of* this paper is essentially "Biological. 
Education in Secondary Schools in Western Australia 11 9 it is 
necessary to view Biology as part of 1 the total science education 
pattern in order to fully appreciate its current status. Eor this 
reason X propose to consider "Science Educa.tion in Secondary 
Schools in Western Australia" with specific reference to biology# 

Overview of Secondary Education 

In Western Australia secondary educ + .on is offered over five 
years following seven years of primary education. The years of 
secondary education are named in numerical succession (First Year, 
Second Year, etc. to Fifth Year), however as this conference is 
concerned with interstate comparisons , discussion will be easier 
ii X use grade references,. Table 1 provides background data for 
grades 8 to 12. 
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Grade 


Western Australian 
Nomenclature * 


Predicted % 
Retention of 
Grade 8^1970 


Pop . Feb . 
1 970 


C e rt if i cat i on 


Age 


1 2 

1 1 


Fifth Year 
Fourth Year 


)Upper 
) School 


27 

35 


4, 784 
6,513 


Leaving Certifi- 
cate (Battery of 
examinations — 
some at higher 
level for matri- 
culation.) . 


17-3 
1 6 „3 



10* 


Third Year 


(Lower 


93 


17,519 


9 


Second Year 


\ School 


99 


19,432 


8 


First Year 


> 


100 


20,109 



Achievement 
Certificate 
( C umulati ve 
evaluation over 
three years) • 



15.3 
1 4.4 
1 3-3 



* End of compulsory education. 

TABLE 1 : Background Data . 

A detailed discussion of secondary education in Western Australia 
is available in the Dettman Report (l 969). 



Overview of Secondary Science G-rades 8 to 10 

The distribution of students and science subjects for 1970 grade 8 
is shown in Figure X. Science education in grades 8 to 10 in Western 
Australia is currently undergoing a change in both classroom method and 
course organisation. It is probably fair to extrapolate and say that 
this distribution is indicative of the possible future general distri- 
bution up to the end of grade 10. 
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PERCENT 
GRADE 8 
STUDENTS 
1970 




SCIENCE SUBJECTS 



figurs 1 



DistriDution 



of P-ppde 8 Students in Science 



All students In G-overnment schools and most Catholic 1 dependent 
schools study Achievement Certificate science, mathematics, englxeh, 
and social studies as compulsory "core subjects" at one of three 
levels - advanced (upper ^uartile of the state population), intermediate; 
and basic (lower ^uartile of the state population) . Each subject is 
allocated six forty minute periods per week. Most students in non- 
Catholic Independent Schools study a combination of physics and 
chemistry. Small numbers of other students study some geology, biology, 
or physiology and hygiene (Dettman Report, 1969, pp. 35-36). The latter 
three subjects are tending to be absorbed in general science curricula 
and may disappear in the near future . 
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More than 9 of secondary school students in grades 8 to 10 
study, or will be studying* Achievement Certificate Science* This 
course has a compartmentalised, topic structure of which 9 topics in 
27 are biological* and in which 8 of the 9 biology topics can be 
studied at one of three levels appropriate for grouped differences 
in student abilities. 

Table 2 summarises the aims* content* methods* and time allo- 
cation of the biological components of science courses for grades 
8 to 10. In summary* biological education for the majority of 
students in grades 8 to 1 0 does not exist as a separate discipline - 
rather it is one component of general science education,* 

Overview of Secondary Science G-rades 11 to 12 : 

Figure 2 shows the dis 4 ’’ ' of G-o vorrunent ychoo^ o^udents 

and science subjects for grade 11 * 1970. In addition to the four 
sciences shown on the graph* there is a small number (less than 
of the state grade 11 population) of students in Independent schools 
studying Geology or Agricultural Science. JSven though the grade 1 i 
distribution shows slightly higher percentages for physics and 
chemistry* they still io not exceed the percentage of 1 iology 
students . 
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Science Course 



Biology 



Aims 



Achievement Certificate 
Science 



Physiology and 
Hygiene 



To develop attitudes, interests, 
knowle dge , unde ns t anding and 
skills which will enable the 
students to develop an apprec- 
iation of themselves and 
their changing environment* 
(Specific aims are listed in 
Education Department publi- 
cation AIB-T— I— 0 and in the 
Teachers G-uide for each 
topic) • 



To develop an 
tin de rs tanding 
of the structure, 
function, and 
care of the body, 
and control of 
the environment as 
it relates to sound 
health practices* 



To acquire 
a knowle dg 
of the 
world of 
living 
organisms , 



Biology 

Content 



Characteristics* of Living 
Things; Diversity of Plants; 
Diversity of Animals ; Insects; 
Vertebrate Physiology; Flower- 
ing Plant Physiology; Genetics; 
Ecological Relationships ; One 
or more open ended re sear on 
topics with a biological bias* 
*Only this topic not treated 
at three levels. 



The whole body 
organisation; 
Respiration Food 
and Nutrition; 
Body Defenses; 
Excretion; Res- 
ponse ; Locomotion; 
Community Health; 
Communicable 
Disease; First 
Aid. 



Character- 
istics of 
Living 
Organisms ; 
Plant Ana- 
tomy and 
Physiology; 
Anatomy of 
an aquatic, 
amphibious , 
& terres- 
trial ver- 
bebra.te ; 
Habitat , 
importance, 
features , 
life cycle 
of a range 
of inver- 
tebrates * 



Method Maximum student partici- 
pation through laboratory 
centred activities struct^ 
tured to achieve specific 
topic aims . 



Teacher and text Teacher 
boolc centred. and text 

book 
centre d 0 



Time 

Alloca- 

tion. 



6 periods each AO minutes 
per week. 

Each topic approx. A weeks. 



Minimum of A 
periods each 
AO minutes per 
week «. 



5 periods 
each AO 
minutes por 
week. 



TABLE 2 : Grades 8 to 10 Biological Sciences 



IK 



PERCENT 
GRADE 11 
STUDENTS 
1970 



70 

60 

50 

40 

30 

20 

10 



Biology 53% 



. Chemistry 43% 






physics 



33% 



Physiology &. Hygiene 
/ and Human Biology ^7 % 



SCIENCE SUBJECTS 

Figure 2 : Distribution of Grade 11 Students in Sc ience 





Table 3 s umma rises the aims, content, methods, and time allo- 
cation of grades 11 and 12 biological sciences. Web of Life Biology 
is taught in all Government schools and is replacing traditional 
descriptive biology in most Independent schools . Curriculum developers 
do not want Human Biology to be regarded as a "soft option" science - 
rather they would lilce the subject to illuminate its own special 
viewpoint and effectively forge a link; between the sciences and 
the humanities . 

The traditional prestige of physics and chemistry, and the 
influence of tertiary institutions on subject selection in secondary 
schools plays a major role in determining the science subject selection 
by grade 11 and 12 students, i.e. because passes at Leaving level in 
physics and chemistry are pr?e-reqi^s^tes to university studies in 
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these subjects and because many university departments (including 
Biological science departments) prefer physios and chemistry over 
biology, the university is in effect encouraging potential university 
students to opt out of secondary school biology. it is common 
practice for students who intend to proceed to a science or 
mathematics tertiary education to study both physics and chemistry. 

A small, percentage ( 5 - 6 %) of the more able students select both 
biology and chemistry. Students proceeding to a non science 
tertiary education select Biology alone or Biology with Physiology 

and Hygiene (or Human Biology) * 

These trends are illustrated by Figure 3 showing the distri- 
bution of student abilities (estimated from the A.C.E.R. Advanced 



NUMBER 

OF 

STUDENTS 



O 

:RiC 




Figure 3 : Distribution of 1969 G rade 11 Student Abilities 

”” c ,cii3nces w O 



Aims 



'Web of" Life 
Biology- 



Biology Course 

Physiology & Human Biology* Agricultural 

Hygiene* (^alternatives) Science 



To lean?, some To develop an 
Pacts and big understanding 
ideas of biology of structure, 
to view biology function, and 
as inquiry, to care of the 
become familiar body*, 
with the Scien- .. 
tific Method, 
to use course 
concepts and 
methods in 
everyday situa- 
tions, to think 
critically, to 
realise the 
tentative nature 
oP hypotheses, 
to base value 
judgements on 
sound thinking, 
to develop 
communication 
and practical 
skills , to 
appreciate that 
man is part oP 
the living world. 



To encourage the 
study oP man 
using biological 
principles and 
to relate these 
to man 11 s mental, 
nutritional, 
educational, 
health, and 
social problems. 



introduction 
to the scien- 
tific princi- 
ple s unde r— 
lying agri- 
cultural 
practice . 



Content Grade 1 1 -All-Of . 
Part X c 

Grade 1 2 - Part 
XX modified to 
reduce the time 
demand of basic 
work by 1 5% c 



More detailed 
cover oP 
grades 8 to 
1 0 physiology 
and nygiene c 



Human anatomy 
and physiology; 
Microbxology; 
life cycle and 
origins oP man; 
variations 
between men; 
races oP man; 
mental, bodily 
& community 
health * 



Climate , plant 
anatomy and 
physiology, 
plant diseases 
and pests, 
soil management, 
plant nutrients, 
farm rotation, 
crops Sz pastures, 
genetics, animal 
husbandry, agri- 
cultural machin- 
ery, farm 
management » 



(Contd*/. *o.**o.) 
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Web of Life 
Biology 


Physiology & 
Hygiene* 


Human Biology* 
(* alternatives) 


Agri c ult ural 
Science 


Method 


Student centred 
laboratory work 
and discussion 
with emphasis 
on inquiry and 
the big ideas 
of biology 


Teacher and 

textbook 

centred. 


An experimental 
rather than an 
authoritarian 
approach v/hen- 
ever possible. 


Combination 
of teacher 
and t earth o ole 
metho ds with 
farming 
experience « 


Time 

Allo- 

cation 


Grade 1 1 —mini- 
mum 5 periods 
each 4-0 minutes 
per week* Trend 
is to 6 periods. 

Gr*ade 12—6 
periods each 
40 minutes per 
ek • 


5 periods each 
40. minutes 
per week. 


'j or 6 periods 
each 40 minutes 
per week. 


Minimum 5 
periods each 
40 minutes 
per week. 



TABLE 3 — G-rades 1 1 and 1 2 Biological Sciences - 
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Test of Quantitative Ability) in the sciences from total 1 969 
grade 11 populations in 1 6 of 33 Government Senior High Schools. 
Although each subject includes the full range of student 
abilities, the distribution of the physical science populations 
have positive skew while the biological sciences have negative 
skew. This is more apparent if the percentage of students for 
each AQ interval is graphed (Figure it-) . 



Biology 

P&H/Human Biology 



100 i 



Chemistry 

- Physics 





n ■ 


PERCENT 

TOTAL 


60 | 


STUDENTS 


40 - 




20 • 

L 


Figure 


4 : 




8 5 9X5 95 100 105 110 115 120 125 130 135 ■+• 



A . 0 » 



Percent of Each Ability Interval of 1969 Grade 11 
Students for Each of the Sciences 
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The retention rate of* biology students from grades 11 to 
1 2 has varied within the range 70 — 8C ?/o during the past five 
years . Although there was a 22^6 decrease in the biology 
population fx-om.1 9^9 grade 11 to 1970 grade 12 and the drop-outs 
(due to dislike of biology or employment) came, from all AQ inter 
Vi is f generally they included slightly greater numbers of the 
less able students (figure 5). This pattern is repeated for 
the subject Physiology and Hygiene. 
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Figure 5 : Grade 11 to 12 Dropout in B iology. Physiology &■ Hygiene, 
snd Human Biol ogy 




82 - 



80 



Met hods of Evaluation and Certification G»ra,des 8 to IQ 

As from 1 970 students commencing secondary education will no 
longer be subject to external examinations. Instead, student 
achievement will be assessed by internal school methods externally 
moderated by a Board of* Secondary Ec?p nation. This system ^ives 
maximum flexibility to science - ok e :*3 in determining what and 
how to assen 3 and allovrs them tc coni; lete an on— going assessment 
of the student over three years o At the end of grade 10 the 
Board issues each student with an Achievement Certificate showing 
the levels and grades of the subjects studied* 

Assessment in the biological (and other) science topics is 
left to the discretion of the science teacher in charge. Usually 
it will involve a wide range of methods suitable to the aims of 
the topic. In-service work, interschool and intraschool science 
meetings, liason with subject moderators from the Board, and 

| liason with Education Department representatives ensures reasonable 
comparability of standards. 

i 

' Methods of* Evaluation and Certification &rad.es 1 1 and 1 2 

Public examinations are conducted at the end of grade 1 2 by 
the Public Examinations Board of the University of* Western Australia., 
Biology is examined at two levels - a Leaving level paper of* three 
hours duration and by student choice, an additional Matriculation 
level paper also three hours duration. Physiology and Hygiene 
and Human Biology are not approved as matriculation subjects and 
O 
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eorp examined at Leaving level only* Stufl«rj+.« who pn so Ru'h.ioots 
r at Leaving level are awarded oertificates wlr -Low th^ subjects 
passed on passed with distinction* 

In order to matriculate , a student need no: ent-'r fo any 
science subject* However^ for those proceeding — icier e 

tertiary education, matriculation physics and chemii ry is nhe 
most common choice* 

Demand and Supply of 1 Biology Teachers 

Although most science teachers teach some grade 8 to 10 
science, it is common practice to specialise as physical science 
or biological science teachers in grades 11 and 12* Consequently, 
all Biology, Physiology and Hygiene, and Human Biology is taught 
by one to four teachers in each Senior High School* Figure 6 
seems to indicate that therp is an adequate supply of* teachers 
qualified in one or more first year university biology subjects* 
However, the percent of staff qualified at this level includes 
many who have taken biology as an appendage to an arts major or 
as a fill-in subject in a physical science degree* Very few 
biology teachers are biology majors* The availability of qualified 
biology teachers is appreciably less than for the physical 



sciences * 
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Figure 6 : Demand end Supply of Science Teachers 
in Senior High Schools 1969 




In concluding, I would like to make the following three 
ooservations: 

(1) Biology does not exist as a. separate science discipline 
in grades 8 to 10. Instead, it is one component of a 
general science education. 

(2) Enrolments in biology are increasing by approximately 

1 of the total grade 11 population each year probably 

due to increasing grade 10 to 11 retention rates. This 
raises the question of the suitability of the rationale, 
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and “the degree of difficulty of Web of Life Biology as the 
only science for terminal students* There is a growing need 
for a more appropriate science course which caters for 
terminal secondary students, especially the less able group 
from the lower quartile of the Grade 11 population* Possibly 
such a science course should emphasize man and the environ- 
mental problems created by and related to man* 

(3) There is developing realisation among Western Australian 

students that biology can be both challenging and interesting, 
and that they must question the traditional prestige of the 
physical sciences* A small but increasing proportion of 
academically more able students are electing to study 
biology* It is the general feeling of Western Australian 
biology teachers that Web of Life biology can provide 
suitable stimulation for these students * 
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SECTION II 

THE AIMS OP BIOLOG-ICAL EDUCATION 



Three speakers presented -their own statement of* what -the alms 
of* biological education in Australia should be at present. Professor 
Allbrook and Dr. Boyden both think that biology courses should bear 
a close relation to Man; since "in the next decade there will be a 
need lor more and better basic biological education in the citizenry 
as a whole Allbrook, however carefully spells out that there needs 
to be an understanding of the ecosystem, adaptation, cell theory, the 
chemical structural basis of protoplasm and of* heredity, Boyden*s 
paper, on the other hand, emphasises the necessity to concentrate on 
teaching "biological topics of* special significance to modern society”, 
giving the impression that he would see the role of the biology 
teacher as one of inculcating particular attitudes toward some aspects 
of modern society, which results from the "interplay which is taking 
place continuously between the processes of nature on one hand the 
process of culture on the other". 

Mr. Morgan is particularly concerned with looking at the place 
of biology education in the general education system and is opposed 
to biology- courses being used to inculcate a particular set of 
attitudes toward any given social problem. This theme is spelt out 
carefully as are his reasons for advocating "broad understanding of 
biological processes": "to start, proceed, and finish with man in a course 

precludes the development of insights which come from a wider study." 

A brief summary of the discussion that followed these papers 
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is given, setting out the areas where agreement is reached. 

!B\irther relevant comment on the areas covered by these papers will 
be found in the report of the discussion group in "Content" (p. 
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The Alms of Biology Teaching 
in Australian Secondary Schools 



D# Morgan 



My purpose in giving ibis address is *to consider factors that 
determine which content and methods a course designer should include 
in a classroom programme, and whJ eh he should leave out# The time 
youngsters spend in schools is limited, and there is a great deal 
which might he included# What goes into, and v/hat comes out of* 
school courses needs very careful thought, so that the time students 
spend in school is used to best advantage# 

.Education in hiology cannot he considered separately from the res t 
of the educational process; v/hat is done in hiology must depend on 
the overall goal s of secondary education. 

Various people over the years have attempted to state the aims of 
education; perhaps no one person’s ideas are generally accepted. 

In a recent address, D. H. Munro (1) grouped theories of education 
under three headings : 

1 . "Assign lation" theories, in which the main aims are social 
adjustment, emotional security, and integration into the 
community way of life,. As he puts it, the individual is 
" a barbarian to he tamed, a character to he moulded, a foreign 



hody to he assimilated, a personality to he adjusted”. 
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2 " Practicalist** 3 cr “Preparation- for- Life* 1 tileries , 

in which the main aims are to give the pupil skills he 
is almost certain to need and want rather than to try 
and pour him into a mould of* someone else f s choosing c 
For example, the individual might be taught how to write 
letters, use a library, make a speech, answer the telephone, 
buy a house, drive a car, budget pocket money, and so on* 

3 * What Munro calls "Xntellectualist* 1 theories , in which the 
aim is not to adjust the child to society but to give him 
the background knowledge, the skills, and the attitudes 
that will enable him to criticize society and see society, 
as far as is possible, objectively a 

X suggest that Australian educators would, overall, agree with aspects 
of* all three types of* theory* X shall attempt a synthesis of* views 
relevant to our discussions .here, views with which our society might 
be prepared to agree* If* you do not agree, X hope that you will say 
so in the discussion which f*ollows this address* 

Educators should be conscious that tney have been entrusted by 
parents, and by society, with the nurture of* students* As educators, 
we are expected to bring about changes in students broadly in 
accordance with the vdshes (of*ten only vaguely-defined) of* parents 
and society, using specialist skills which the parent usixally does 
not possess* Our laws even require that a child be tak n from his 
parents, forcibly if necessary, and put before a teacher* The 
educator has a clear responsibility to live up to the expectations of 
the community^ he should always be mindful of his responsibilities^ 
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In our society, the education process is seen as developing the 
individual, rather than the group or the population. Compare this 
with stated policy in a society working under another social system, 
as quoted "by Munro : 

"I n the Kindergarten and Junior School, where basic habits 
and attitudes to life are formed, the foundations of 
[the parti c-ular ideology] are systematically laid, 
particularly by the imaginative telling of stories 
of heroic deeds so that almost v/ithout realizing it 
the children will understand the great and historic 
role of our multi-national country in the liberation 
of all nations from exploitation, from lawlessness 
and from national and religious oppression. They 
are given a sense of belonging to something great, 
a ca us e to strive for, and in the achievement of this 
purpose they are willing to EL ccep-t -the disciplines 
placed upon them. ... [They are] prepared to live 
happily and efficiently in the society in which they 
will live during their adult lives." 

llhile our society does seem to want certain charact eristics in alo- 
of its citizens, much of our educational thinking is directed towards 
production of people who are expected to be individually different, 
though within certain accepted limits. (The difference between our 
outlook and the one quoted above is therefore one of degree, rather 
than an absolute one.) 

I will now tiy to spell out what I believe are agreed goals of 

? ' Q1 
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Australian educational systems® 

The individual student, in the course of* his formal education, 
should he subjected to a variety of learning experiences, such 
that : 

(i) He becomes informed as to our cultural heritage, in 

all its aspects. This includes coming to know something 
of mankind and its arts, and of the surroundings of 
man as seen by man. 

(ii) He gains particular knowledge, psychomotor skills, 
intellectual skills , and attitudes, chosen so. that 
he can make a living and live ±r> harmony with other 
people. 

(iii) He is able to make some contribution to human society 
as a whole, however small that contribution may be. 

Our society is a changing society, one dedicated to 
change % the educated person must therefore be more 
than a conformist, he should be an independently— thinking 
nerson capable, in some measure, of acting independently 
of others. But to be a ble to make a contribution to 
society is not enough. 

(iv) He must be wi lling to make some contribution to the 
life of society. This is a question of attitude 
development. Somehow the student must become a socially- 
concerned adult, if only because by being concerned for 

* 

others he may, in the long run, be helping himself. 

O 
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(v) He becomes better able to lead, a personally— satisfying 

life. He should be able to develop interests which give 
him aesthestic pleasure, which are rewarding in -themselves. 
Some-times we stop short of -this goal in our educational 
processes, and perhaps some people are -the worse for our 
admissions . 

J-t is not my own belief* nor do 1 believe ib is a predominating view 
in our community, bhab secondary education should be direcbed 
primarily bowards berbiary education. The secondary school is 
becoming parb of bhe common eduoabional experience of all — bhe 
"common school" — and I believe bhab bhe educabed citizen , wibh 
bhe characberisbics seb oub above, is ibs primary goal. Such a 
person should be admirably suibed bo furbher eduoabion. 

Of course, broad eduoabional goals are likely bo be achieved 
sabisfacborily and consisbenbly only if bhe eduoabional sysbem, and 
bhe learning sibuabions provided bhrough bhab sysbem, are geared 
bowards achieving bhese goals. Ib is naive bo assume bhab such 
goals will be reached because in our bebber momenbs we have bhe righb 
intentions . 

In abbempbing bo achieve bhese broad goals, a numb e r of guidlines 
seem imp orbanb, parbicularly in bhe conbexb of bhe overall b hemes 
of bhis conference*, I wish bo suggesb several. 

(i) There is cerbain parbicular knowledge, and particular 

psychomeber and cognibive skills, bhab musb be acquired 
by each sbudenb. Such knowledge and skills should be 
selecbed, 1 believe., according bo ibs immediabe or 
pobenbial relevance bo bheQaigudenb , bobh as an individual 
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and cis a. member* of society. 

(ii) Knowledge should "be derived., wherever possible, 

from direct, personal experience or -the next-host 
substitute. This procedure improves -the quality 
of a student 's " inf orcinti on-input' " , and increases his 
awareness of his total surroundings . It; is only -too 
easy for -the educator -to resort; "to verbalism, to "the 
using of words which mean little to the hearers, or 
which convey a meaning to -the hearer different: from 
-the one intended. Educators have a responsibility 
-to provide a carefully-chosen range of experiences 
for students, 

(iii) Much attention should be given -to developing intellectual 

skills associated with using information, including problem- 
solving skills. Possession of higher cognitive skills is 
an important attribute of an independently -thinking adult 
member of society. We should txy to take education to a 
point at which a person is capable of and willing to learn 
for himself; such people should then not stop learning 
while they possess the physical faculties to do so. 

(iv) Students need to gain practice in applying then.r under- 
standings to situations that form part of everyday life. 
Classroom programmes should be relevant, and should he 
seen to be relevant, to aspects of everyday living. Apart 
from occasional aesthetic satisfaction, there may he little 
gain to the student from classroom programmes which are 
completely unrelated to his immediate or future world. 

t 

O j* 




(v) The learning s i tuat i on s used, for a- particular student 
should he determined. in part h y his capacities, 
ha. cleg round , and interests# Classroom procedures should 
therefore he dill ere n't for different: students, and 
should change for a particular student as he proceeds 
•through -the educational system. While it is hard -to 
have a variety of educational procedures simultaneously 
operating in a given classroom, we should strive towards 
this situation when we design learning situations* 
(Admittedly, though with a given single educational, 
procedure and 31 5 different phenotypes in a class, 35 
different products are likely to result, without catering 
for individual differences some of the products will 
develop in ways neither intended nor desirable.) 

(vi) It should he recognized that not all students will he 
capable of reaching the same levels of attainment . 

The educational system should he such that every 
individual, however "dumb" or "clever" he may he, makes 
gains towards the overall objectives of the educational 
programme . The amount of gain should perhaps he rewarded, 
as well as — or instead of — the attainment or non- 
attainment of some p re -determined "pass" level. 

What about the development of attitudes in students? Our attitudes 

determine, of course, how we behave. Many people believe that 

the re are certain attitudes that should he developed in all students. 
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Such expressed goals as "love of* hard work", "concern for our fellow 

man" have found their way into statements of educational policy in ’} 

| 

the past. But what about attitudes towards vexed social questions j 

of* the moment? \ 

(vii)l suggest that to deliberately develop a particular 
attitude towards such a problem is not a proper rc 1 ^ 
of* our educational system. Educators siacnld concentrate 
on developing informed , inte llect ually — can able . s ocially— 
concerned individuals cap ahce of* malcLrag rational , 1 

objective judgements f*or themselves. 1 yr one thing ? there 7 ! 

will be many social questions of* the f*rrare which we j 

j 

cannot yet foresee, but which students will have to face. j 

;-i 

I 

For a teacher to indoctrinate students with his own attitudes | 

■% 

(and prejudices) towards particular social questions, no matter how | 

right they seem to him, is a breach of* responsibility on his part. j 

I 

Because of* the ways :Ln which attitudes usually develop - through j 

personal experiences, and through perceived social pressures, especially j 
in areas in v/hich people feel insecure — it is only too easy for a 
respected teacher tc do this, albeit unconsciously. Though it is 
easier to indoctrinate people than to educate them to malce their own 
assessments, 1 suggest that such a goal is worth the effort. 

Educators need to ensure that students learn to handle contentious 
social questions, but in as objective an environment as possible, one 
in which the teacher deliberately plays his own views down. 

i 

! 

| 

So far I have been considering broad goals and guidelines v/hich might \ 

% 

apply to all educators. Hpwever it is traditional to classify the 4 

or* 
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educational process into subject areas. At this conference we are 
reviewing only part of* the Gducationa.1 process : that which takes 

place within the periods of* time identified on timetables as ^biology ^ 
Our goals, as biology teachers, vd.ll be little different from those 
of the history, or English, or music teacher* But our emphases will 
be different . The biology teacher will be influenced by considerations 
which seem to apply especially to his particular field* 

(i) The nature of the scientific pro cess is a key part of 

our present culture, and so warrants a place in mhe 
education of all students* The senior biology class 
is the only place in which more mature students can 
have a. real opportunity to appreciate the nature of the 
scientific activity: what a scientist does, how he 

thinks, how to regard the n f indings" of science* 

(ii) Not all of the findings of science are of immediate or 
potential relevance to the student* Biology teachers 
must cull out material which, while interesting, is 
competing with more worthwhile content for the very 
limited time available * 

(iii) The findings of science should be conveyed in such a 
way that observation and inference are clearly 

distinguished, that the student appreciates the continually 
changing nature of scientific knovdedge , and the degrees 
to which the various generalizations of the science are 
supported by evidence* 
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(iv) C oncep tuali zing of broad understandings of biological 
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masses of specific , unrelated information. However, -the 
student must be able to obtain information for himself, 
and deal with such data in a scientific way. 

(v) Xn selecting which broad understandings of the living 
world s houl< be developed within tine limited tame 

allotted to a biology course, it would seem important 

* 

to attempt o develop some overall picture of the living 
world, as understood by mankind Through the biological 
sciences. Man, and man's relationships with his 
surroundings, can then be seen in the context of our 
overall understanding of the world. To start, proceed, 
and finish with man in a course precludes the development 
of insights which come from a wider study. 

I believe that the overall goals, guidelines., and particular 
considerations I have set out should influence course designers 
in selecting content and designing learning situations. In my view, 
only if a procedure substantially meets these requirements should it 
be included in a classroom programme . How much time is devoted to 
different aspects is a matter for consensus. 

REFERENCE 

(1 ) Munro, D. H. . I 969 . The Secondary Teacher No.. "14-2, pp. 27-30 
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FULFILMENT -JJD RESPONSIBILITY IN BIOLOGICAL 

EDUCATION 



David B* Allbrook 



In a forward looking Conference such as “this , where we a :*e riding 
the crest of* “the scientific wave, i“t is good, “to get; historica.. per- 
spective, I wish “to bake you back “to “the first known scientific 
biologisb# Arisboble 1 s “time was 3^-7 BoC. — 335 BoCo, when he travelled 
“the island, of* Lesbos and “the s“t raids of* Fyrrha. 

Why should, we sbudy Biology"? In his words: 

Of* natural substances , some are ungenerated and indestructible 
“throughout; eternity, others share in generation and destruction. 



divine , but we have less opportunity “to invesdigade “them 
since “the evidence available “to “the senses, by means of* which 
one might; sbudy “them and “the “things “that; we long “to know about;, 
is very scanty. Bud concerning dhe dhings dhad perish, dhad 
is plants and animals, we have much better means of* obtaining 
informadion, since we live among bhem* For anyone who is 
willing do dake sufficiend d rouble can learn a gread deal 
concerning each one of* dheir kinds* Bud each of* dhese dwo 
groups .has ids own addracdion. For even dhough our* compre- 
hension of* dhe heavenly bodies is small yed because dhey are 
so precious id brings us more pleasure dhan knowing everything 
in our region, jusd as a partial glimpse we chance do god of* 



The Former (dhad is, dhe heavenly bodies) are precious and 
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"the brings us more pleasure than an accurate vision 

or otner things, however many or great they are. On the 
other hand our knowledge of the things that perish has the 
advantage in that we can obtain more and better information 
about them ; and again since they are nearer to us and more 
close!;- related to our own nature, this restores the balance 
to SO-S extent as against the study of the things that are 
divine „ 

Since we have already discussed the things that are divine 
and set out our opinion about them, it remains to speak of 
animals without, as far as possible, omitting any one of 
them, but dealing with noble and ignoble alike, for even 
in those that are not attractive to the senses, yet to the 
intellect the craftmanship of nature provides extraordinary 
pleasures for those who can recognise the causes in things 
and who are naturally inclined to philosophy. For if we 
derive enjoyment from looking at imitations of these things 
because we are then contemplating the art of the craftsman - 
whether painter or sculptor - who made them, it would be 
strange and absurd not to delight far more in studying the 
natural objects themselves, provided at least tha t we can 
perceive their causes. And so we must not feel a childish 
disgust at the investigation of the meaner animals. For 
there is something of the marvellous in all natural things. 

The story goes that when some strangers who c ame to visit 
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He: _ lit us ent eared. and saw him warming himselF ah the kitchen 
m »: they hesitated : but Heraclitus said, 'Do not be 



aim: — H Come in 0 For there are gods even here.' Similarly 
Y t . old approach the investigation of* every kind oF animal. 

we. m being ashamed, since in each one of* them there is 

s .... adng natural and something beautiful « 

Tl~ jsenoe of* chance and the serving of* ends are found in 



the works of* nature especially. And the end for the sale 
of* which a thing has been constructed or has come to be 
belczms to what is beautif*ul* 

Aristotle then points out that if* anyone is squeamish about examining 
animals, he ought to be so about man also. 

But ir anyone considers that the investigation of* the other 
ani mal s is beneath his dignity, then he ought to hold a 
similar view about the study of* himself* «, For it is not 
pom hie to look at the constituent parts of* human beings, 
sum as blood, Flesh, bones, blood-vessels and the like, 
without considerable distaste . But when we discuss any 
one of the parts or structures, we must not suppose that 
when we are talking about — and the object For which our 
inquiry is undertaken - is their material, but rather the 
wha lorm, just as in discussing a house, it is the whole 
Fore, . ot the bricks and mortar and timber in themselves, 
that is our concern. So too the student oF nature investi— 
gatr-ca m. 3 composition and the substance as a whole, and not 
ulie rate rials which are Found apart From the substance oF 
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■which they a.i*e the materials,. (O 
Most of* US took to biology because we were fasoinrlofl by U,o r.b,.i v 
of* living things » Perhaps it was their movement, or their growth, or 
their diversity, or the fascination of their reproduction that began 
it. Our childhood awareness was directed and encouraged by a mentor 
to whom we could turn for words of wisdom and encouragement, and who 

had within himself the capacity to fan curiosity. 

Such a school teacher was Dr. R.H. Whitehouse. (Sometime Professor 
of Zoology at Gat College, Lahore and Vice Principal of Lahore University, 
Punjab, ana then Biology Master, Mercers’ Sohool, London, 1936 U£) . 
in India and London he helped many travel towards distant horizons of 
achievement. In one indolent and sloppy youth he stimulated industry 
and accuracy in field work and laboratory. He was my first teacher 
contact who succeeded in actually making me think for myself. He was 
an expert at transforming the energetic questionings of adolescence into 
creative activity. He rarely gave pat answers, but parried questions 
with more penetrating questions, and suggestions for reading and simple 
investigation. Group discussion in the VXth form Biology Course was a 
reg ular feature. He was able to do this because of his own width of 
knowledge and love for and personal familiarity with his subject, and 
also with the men who made biology, each as Sir Victor Horsley and 
Graham Kerr. He seemed a formidable man, intolerant of nincompoops, 
yet ready with praise for the trier no matter how modest his gifts . He 
was a great schoolmaster whose erstwhile pupils are, today, middle-aged 
research biologists. Professors, medical men and medical teachers in India, 
O Pakistan, the Middle East, England, Australia and Hew Zealand. 

RJC 
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If* we analyse this personal anecdote we learn that the primary n-i ma 
of* biological education may include the following: a sharpening of* a 

pupil* s awareness of* his environment , especially his biological environ- 
ment , a stimulation of* his latent curiosity , a training of* his critical 
faculties, and an opening of* the storehouses of* other men 1 s knowledge 
and experience. 

One other seed was sown in me by fL.Ho ^hitehouse. He let me have a 
very minor part in the work: which went into one of* his biology textbooks 
for schools — "Dissection of* the Earthworm 1 * I think it was. I learnt 
what fun discovery and creative work could be. So perhaps we should add 
that to our list of* aims. Because if* all biology teachers can do like- 
wise for their 1 pupils they will have Increased the happiness of* the 
world by quite a quantum. 

These aims are of* primary importance , for they achieve personal 
satisfaction and fulfilment in people. All are relevant to the pupil* s 
development as an educated person. They are mandatory for growth in 
a technological civilization. 

But educationists have responsibilities to society as a whole, as 
well as to individuals. Biologically trained educators have a weighty 
share of this responsibility. It is becoming increasingly heavy. This 
is because of the massive increase in the canon of systematised biological 
knowledge in the last two decades. The increase is a direct result of 
the application of new physical and chemical techniques to basic bio- 
logical research. There has been an important marriage of field work, 
population studies and ecology with laboratory* investigation. This is 



O cemplified best in the applied 
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sciences such as medicine. 
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f isheries , veterinary medicine, forestry and food sciences. Each, of* 
these lias undergone an explosion of knowledge in the la3t 20 years. 

A byproduct of* -the new biological knowledge has been the growth of 
entirely new industries such as the pharmaceutical and pesticide indus- 
tries. In turn, these have poured money, men and resources into yet 
more research — and so it continues. 

All this has a profound significance in relation to Australian 
secondary education. In the next decade there will be a need for more 
and better basic biological education in the oitizenry as a whole. 

How is this to be met? Xn Western Australia it is estimated that not 
less than 21 biological science university graduates are needed per 
annum now to staff government and private secondary schools. Yet 
the lamentable fact is that in Western Australia the current annual 
production of all suitable (Pass and Honours) graduates and Associates 
is less than half of that number. That number has to satisfy all 
demands including that of secondary education. It seems clear that 
the kind of standard needed in secondary biological education is not 
yet being met, though a magnificent beginning has been made. Much of 
the school teaching is being done by poorly trained staff. 

Thus an increase in the numbers coming forward for training in 
biology is an urgent requirement. The need is to make the working 
conditions of a secondary teacher of biology good enough to attract 
many more able, well— trained people into the profession. You are 
able to spell out what these may be. 
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For* some year’s past X have been increasingly fascinated by the 
field which has coma to be called Human Biology- This stems from a 
period of ten years when I lived in Uganda and had the privilege to 
be on the staff of a developing new University Medical School- One 
had the opportunity to observe and share in a period of fascinating 
social, economic, political and biological change in the African 
population of that State - One could se>. how the African environment 
affected man - But one could also see the effects of man on his 
surroundings — it happens very quickly, especially in a period of 
rapid educational, economic and political development- In Uganda 
the catastrophic effect of sleeping sickness epidemics in the early 
decades of this century on the population of tropical Africa can teach 
us how disease will be affected by the changing mobility of people 
brought about by trade- The sleeping sickness also shows how G-lossina 
pal.pebris and the relation of this vector to trypanosomiasis, both 
human and bovine, can retard development by reducing population and 
pre venting the use of beasts of burden, and eliminating the point of 
wheeled transport. (la/heels were never used in Central Africa). 

Another example which we lived with was the profound social and 
educational effect of childhood protein malnutrition. In our part of 
Africa this was not produced by poverty, but by social pressures to 
eat prestige foods (a plaintain wnich contains no protein) during the 
early childhood growing period- The psychological and physical effects 
of this on the growth and development of Ugandan children was profound. 
To a large extent the pattern altered in that ten years . 
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Xn Australia we have rather similar aspects of Human Biology which 
in the years ahead, will dominate our thinking « Educators, health 
authorities and private and government policy makers need to see the 
issues whilst it is early* I refer to the aboriginal population of 
Australia* The northern half of Western Australia now has one of 
the highest birth rates in the world* Until the 1950's it was very 
low and the aboriginal population was small and declining. Now it 
is probably over per annum* It will certainly continue this way* 

The social and educational future opportunities this gives to the 
Aborigines and to white Australians of the next generation is of prime 
importance , especially to our children. Surely all young Australians 
should know about this and be taught the cause and effect of such a 
significant trend and their own individual and corporate responsi- 
bilities. 

My conviction is that all secondary courses in Biology should 
have a good sized component of human studies « The problem is to know 
f just how much. This should include psychology, group interactions, 
culture, language , im J s organic and cultural evolution, the bj.ology 
of race and ageing in nan# 

At school level surely the teaching of basic plant and animal 
structure and function should be continually orientated to the current 
real life problems we, as men, have to face. We must see ourselves as 
part of nature, but capable of changing it for good or ill* Then the 
great themes of adaptation, ecosystems, balance of nature and so on 
have a tremendous relevance * I am suggesting that for Aust r al ia the 
area I have mentioned will be the most important domestic issue for 
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the coming generations , 

Within a biology context this teaching hardly makes sense without 
a working knowledge of the cell theory and the chemical structural 
basis ol 4 protoplasm, and heredity * But given good teaching methods, 
these basic concepts are simple enough and should be part of common 
knowledge of all modern educated people© Our future Biology courses 
in schools must be "Biology for Everyman” , not for the potential 
scientist* 

In our Western Australian course of Human Biology we have tried 
to show the biology of man: first as part of the whole system of 
biological interaction between organisms, and secondly as a unique 



thing because of mn’s oidiure.. 
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Xt is a tall order, and we are experimenting, for we hr e much 
to learn. 

My final, comment is that, in all our teaching of biology, it is 
essential chat we should strive to present our material as an example 
of the general objectives of science education. These are that students 
should complete school courses knowing about definitions, conventional 
classification, prediction and the use of hypothesis, the use of models, 
observation, measurer ant and quantification, the concept of controls in 
experiment, samples, tentativeness and uncertainty, reliability and data 
retrieval. T hi s al 3 sounds advanced but when you think about it, these 
things are the basis of intelligent life . 

We should try to show biological science as a human activity, and 

biologists as flesh and blood human beings, with successes and failures 

and foibles . _ 
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Perhaps we should allow some of 1 our students to develop laboratory 
skills such as microscopic observation, dissecting, field observation, 
recording of observations in graphs, illustrations and tables. Not all 
students would want to do these things but I would not like to see these 
techniques excluded by edict. At the same time we should flee in 
horror from the "rigged” experiment as an hypocritical waste of time. 

Vtfe should try to inculcate attitudes of open-mindedness, scepti- 
cism and an understanding both of the uses and limitations of scientific 
method. 

However, my last shot is this: no matter what material does or 

does not go into a syllabus, in the final analysis EVERYTHINGr deper^s 
on the enthusiasm, training and personal qualities of the biology 
teacher. The main burden of this talk is to emphasize that simple 
fact. Of course we must discuss balance and content of courses. As 
a result of our continuing discussions we shall be constantly modifying 
our courses in the light of basic biological research in our universitie 
but, in the end, what is actually taught to and learned by the student 
depends, on the teacher* s personal assessment of what is important, and 
how he, himself, sees his own personal role. 



1 . Lloyd, G-.E.Ro, Aristotle: The growth and structure of his thought 
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BIO LOOT TEACHING- XlM SCHOOLS IN TE B MS OF THE NEEDS OF MODERN SOCIETY 

Stephen Boyden*, 

We are here Bor a. frank exchange oB views on education in 
biological science in Australian schools and it seems to me that 
we should bo trying to answer three main questions* 

They are: — 

(1 ) What should be the aims oB education in biological science 

in schools in Australia? 

(2) Are these aims at present being achieved? (That is, iB 
we can agree on what the aims are)* 

(3) IB they are not being achieved, what steps should be 
taken to improve the situation? 

I will address myselB to the Birst two oB these questions and 
1 will try to summarise some oB m y own thinking on the whole problem 
oB school biology* But beBore doing so, I would like to make a 
comment on the aims oB education in general* 

One oB the main aims oB education should surely be to provide the 
individual with a balanced and coherent picture oB the human situation 
in historical and biological perspective, and with an awareness and 
understanding oB the nature oB the most important problems that Bace 
his society (and today this means y/orld society)* It should also aim 
to stimulate his thinking so that he is able to play his Bull part 
in the collective eBBorts oB his community to cope with these problems 
In view oB the magnitude oB the problems Bacing man on earth and she 
O iprecedented rate oB social and environmental change* these aims 

ERLC , 
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tine. In the case of each academic discipline, therefore, the 
objective should be to convey information and to stimulate 
thinking on the important ideas and principles that have come 
to light in that discipline, especially as they relate to the 
problems of human society and to the ideas and principles of 
other disciplines. 

Bearing in mind that one of the main objectives of education 
should be to provide the student with some understanding of the 
present human situation in biological and historical perspective, 
let us go back in time and consider briefly some of the events 
of outstanding significance which prepared the ground for the 
important global developments which now loom so large on the 
horizon as threats to civilisation and mankind. It was between 
two and three thousand million years ago that a new set of processes 
the processes of life - first began to appear and superimpose 
themselves, so to speak, on the inorganic world. While these 
new processes were utterly dependent on the more ancient physico 
chemical processes on which they were based, they eventually gave 
rise to a highly complex and diverse system of living organisms 
which has transformed the character of the earth's surface to a 
considerable extent. And then, only some two million years ago, 
the first glimmers appeared of yet another new set of processes - 
the processes of human culture - a development which was destined 
to prove perhaps as significant as the origin of life itself. Just 
as the processes of life are both dependent upon and yet different 
from the physical and chemical processes which preceded them, so 
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it is with the processes of human culture: the- arose fron, 

depend upon, and yet are in many ways different from the processes 
of life. The existence in the biosphere of these three distinct 
sets of processes is reflected in the structure both of educational 
programmes and of academic institutions themselves. 

Clearly, for an understanding of the total situation we need 
to pay some attention not only to each set of processes in its 
own right, but also to the extraordinarily important interaction 
between them, for the functioning and maintenance of the total 
system (i.e. the biosphere and civilisation) depends on this 
interaction. While considerable time is devoted in science 
education today to the interplay between the . processes of life 
and the underlying and more ancient inorganic processes on which 
they depend, extraordinarily little attention is being paid to the 
interaction at the other interphase - that is, between the processes 
of h uman culture on the one hand and processes of nature on the 
other. I suggest that the universities are primarily to blame 
for this serious deficiency in our educational programmes, since 
they have not only allowed, but have also apparently encouraged 
the development of the misleading and damaging dichotomy between the 
natural sciences on the one hand and the social sciences and the 
humanities on the other* 

This continual interplay between cultural and natural 
processes is of crucial significance in relation to our attempts 
to understand the problems of society* The history of civilisation 
itself is in the last analysis mainly a story of this interaction; 

in 
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and a balanced and comprehensive view of the world situation is 
impossible without proper appreciation of this fact. Moreover, 
it is the tremendous intensification of this interaction that is 
responsible for the widespread changes in the total environment 
now causing so much concern among ecologists. 

Before proceeding to the question of the aims of education 
in biology, I would like to list a few of the things that I feel 
that science education in schools should not do* In presenting 

this list, I imagine that I may be challenging the opinions of 
many educationists, including some biologists, and while I will 
not elaborate on these points now, I look forward to some debate 
on them during the discussion later on, 

I suggest that:- 

(1 ) Science education should not aim to attract students to a 

career in science (although it should provide a fair and 
balanced picture of what careers in science are like, and of 
what they have to offer to the individual scientists and to 
the community), 

(2) It should not set out to glamourise science or to paint 

a false picture of scientists as selfless benefactors of 
mankind that can do not wrong ( certain science textbooks in 
use in this country give the impression that this is one of 
the main intentions of the authors). 

It should not suggest that any problems that mankind may 
still be left with will be solved simply by further intensification 
of scientific research and technological advance, 
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( 4 ) l-j should not aim to inrtruct in the methods and techniques 

of* prac— isxng scientists, except to the extent of indicating 
the sort of things that scientists spend their time doing. This 
can he better achieved by arranging visits to laboratories 
where scientific work is in progress than by long hours of 
practicals at the bench, which are a waste of time for the vast 
majority of students who never take up a scientific career. 

(Much of the time now spent at the bench could be better used 
for "environmental encounters", as suggested by Professor 
W« Stapp , and for active discussion on social implications of 
scientific knowledge and technological developments). 



(5) The aim of* science education in schools should not he 

"bo prepare "the students for the fix's! year a! University, 
but rather for responsible citizenship* It is the universities 
which should adjust their courses to the school curricula, 
and not vice versa. 



( 6 ) Science education should not aim to transmit facts for 
their own sake, but only insofar as they assist in the under- 
standing of important scientific principles, especially as 
they relate to human problems and responsibilities. 

( 7 ) It should not set out to teach "hard" science for the sake 
of its "hardness". The material presented and discussed 
should be selected on the basis of its importance in relation 
to our attempts to comprehend the processes of nature and the 
problems of human society. 

Turning now to biology, this is a subject that can make a very 
special contribution towards providing youth with a comprehensive 



and integrated view of the human situation. I think that most of 
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would agree that the most important single species on earth as 
far as we are concerned and also, in the present situation, as far 
as the biosphere as a whole is concerned, is Homo sapiens ", and it 
stands to reason, therefore, that this species should figure very 
prominently in biology courses. It is impossible, or at least un- 
realistic, to attempt to study the biology of man in modern society 
without paying attention to the social processes that affect the 
biological conditions of his life and to the social repercussions 
of his biologically-determined reactions to environmental influences, 
in other words, whether the emphasis be on the human organism 
and its resp onses to the environment , or on the environmental 
effects and ecological implications of human activities, the proper 
study of h uman biology necessarily involves a bridging of the gap 
"between tbte natural and. social sciences, 

Having emphasised, the need, to promote under standing of* important 
scientific principles as they relate to the problems of human 
society, I feel that perhaps at this point I should enlarge somewhat 
on this question and give one or two illustrations of what I have 
in mind. I should like to say first that it is my impression that 
some (but not all) of the important principles that have come to 
light in biological science are, per se , treated very satisfactorily 
in recently introduced school textbooks. I am thinking particularly 
here of the "Web of Life" which gives due prominence, for instance, 
to the theory of natural selection and the principles of inheritance 
and ecology, and they are presented in a clear and interesting way „ 
On the other hand, it seems to me that some aspects of biology 
of vital importance to society are either omitted or at least are 
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not given the prominence they deserve. Arising out of the Darwinian 
theory of natural selection, there is one fundamental principle 
or biological "law" of profound social significance that receives 
^ery little attention in biology courses - If is the law of 
« organismic sensitivity to environmental change". It is based on 
the fact that, through the processes of natural selection, species 
develop genetically determined characteristics which render them 
extremely well suited to the conditions under which they are evolving. 
Thus , when the conditions deviate to any extent from those prevailing 
in the evolutionary environment, signs of biological maladjustment 
ar*e likely to occur* This principle applies to all species, 
including Homo s ap iens * In the long run, under natural conditions, 
the situation resolves itself because, if the environmental 
changes persist, the population in question will either become 
extinct or it will, through natural selection, undergo genetic 
adaptation so that the individuals are once again "suited" to the 
prevailing . conditions. Apart from its significance for individual 
animals, this principle has important ecological implications since, 
ultimately, it is through this effect on indi xdual organisms 
that disturbances are felt in whole populations and ecosystems. 

Let us consider for a moment the relevance of the law of 
organismic sensitivity to environmental change in relation to 
modern society. The processes of civilisation have, over the 
centuries , introduced countless deviations in the biological 
conditions of life of the human organism, and as would be anti- 
cipated from this law, signs of biological maladjustment have 
inevitably followed these changes. An obvious example was the 
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appearance in human populations, in endemic and epidemic proportions, 

of various contagious diseases, such as plague, cholera, typhoid, 
dysentery and tuberculosis, resulting from the increase in density 
of human populations and other environmental changes associated 
with the processes of civilisation* 

These changes in host -parasite relationships represent one of 
the few cases an which the new selection pressures associated with 
civilisation were strong enough to produce a substantial degree of 
genetic or evolutionary adaptation in man. Nevertheless, the fact 
that these contagious diseases have to a large extent been, eliminated 
from modern society is due largely to the processes, not of genetic 
adaptation, but of cultural adaptation (the most important of which 
has been the introduction of new standards of hygiene appropriate 
to the new environmental conditions). 

There a re countless other examples in history of the operation 
of the law of organismic sensitivity to environmental change and 
of consequent signs of biological maladjustment in the human organism. 
In fact, it is true to say that the most outstanding single feature 
of the recent biology of man is the extraordinary number of changes 
that has taken place in his conditions of life. These include, 
for example:- (i) changes in quality of food and water and feeding 
habits, (ii) changes in quality of air inhaled, (iii) changes in 
number of social contacts, (iv) changes in the accessibility of 
biologically and psychologically potent chemicals, (v) changes in 
levels of environmental noise, (vi) changes in levels of physical 
activity, (vii) changes in sexual environment, (viii) changes 
in infant feeding and lactation patterns and (ix) changes in the 
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number of viruses in the environment capable of causing disturbances 

in the respiratory and alimentary tract* All these examples of 
changes in man’s biological conditions of life are the consequence 
of social developments, and all involve some kind of biological 
response on the part of human organism^ and in each case this 
response has further social repercussions. 

The fact that the human species has not only survived these 
environmental changes and consequent biological maladjustment, 
but has in fact increased about one thousand times in numbers since 
the neolithic development is, of course r due in very large part 
to the processes of cultural adaptation (and also in part to 
"pseudo-adaptation" ) * * Xt is safe to assume also that the future 
well-being and indeed survival of mankind will depend largely on 
whether the processes of cultural adaptation will be successful in 
overcoming (or better forestalling) new manif estations of biological 
maladjustment resulting from the rapidly changing total environment 



* The term "pseudo-adaptation" has been used to describe the effects 
resulting from the widening of the difference between Darwinian 
fitness and fitness in the colloquial sense of the word. In other 
words, the protection that civilisation affords to the individual 
who is in a state of ill-health (and also to his offspring) results 
in a situation in which survival and reproduction can take 
place in a population in which the majority of individuals are 
in a 3tate of biological maladjustment which would not have allowed 
reproductive success under more rigorous conditions -of pre- 
civilisation society. 
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of man. In view of the obvious social significance of cultural 
adaptation* it is unfortunate that this topic receives so little 
attention in education. The view night he taken that, while 
genetic or evolutionary adaptation is a natter for biology" teachers, 
cultural adaptation is not, and that it should in fact be left 
to those v/ho are concerned with education in social studies. 

The point is, of course, that we are here concerned with an 
extremely important aspect of the interaction between cultural 
and natural processes, and it does not make sense to split this 
subject down the middle so that the biological aspects are taught 
in biolog/ classes and the social aspects in social studies classes. 
In this way, the essential feature of the situation, namely the 
constant interplay between these two sets of processes, would be 
lost to the student. And furthermore, at the present time, the 
processes of cultural adaptation to biological maladjustment 
(and pseudo-adaptation) are not adequately dealt with in either 
biology or social studies, and X suggest that, in the absence of 
moves to remedy this deficiency from other quarters, educators in 
biology have a special responsibility to do something about it. 

X am suggesting, then, that the biological principle of 
organismic sensitivity to environmental change is one of supreme 
significance in relation to the physical and mental health of 
communities and of individuals, and it relates to the v/hole question 
of the quality of life in a rapidly changing environment. It is 
probably, at least in terms of the immediate problems of mankind 
on earth, the most socially significant concept to arise out of 
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Darwin* s theory of* natural selection and Mondelian genetics, X 

suggest therefore ; that it should be one of 1 the main themes in 

biological education and that it should be presented together with 

a thorough discussion of cultural adaptation in its various forms. 

Turning now from organisms to ecosystems, I have already made 

the point that the general principles of ecology* relating to the 

"balance of nature" are on the whole well handled in some of the 

newer biology courses in schools*, Ho v/ever, even in this instance, 

X would suggest that these courses still fall far short of our 

expectation in terms of the aims of education mentioned above. 

An extremely significant aspect of the scientific scene at present 

is the increasing number of ec ^logists ‘who are expressing very 

deep concern about the rapid and widespread changes that are 

occurring in our total environment as a result cf rapidly 

accelerating cultural processes. Some of them suggest that the 

disturbances in the biosphere resulting from these changes will 

be so great that civilisation will be unable to survive for more 

than a few more decades. Needless to say, there are also others 

(although there are fewer biologists among them) who regard these 

rather gloomy predictions as unwar rani e d and exaggerated. We must 

accept that, at the present time, there is not sufficient knowledge 

available for us to be able to state definitely and in quantitative 

terms how great the danger is; or rather, we do know how great the 

danger is (i„e. we know that if social processes continue unhindered 

in the direction they are going now, ultimate destruction of the 

biosphere and of civilisation is inevitable) - but we do not know 
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precisely how close we are to the limits of tolerance of the 
"biosphere. 

It is clear that there are limits to both the maximum and the 
optimum number of people the earth can support, and to the amount 
of chemical garbage we can throw out into the bxosphere before xt 
is choked beyond recovery. And at present, there can be no doubt 
that the escalatory processes (e.g. the techno-demographic spxral 
and the economic and military competition between nations) whxch 
are driving us towards these limits are continuing to accelerate 
and gain momentum, and no one seems to know how to stop them. 

Thus, while we must all accept that the earth and its natural 
resources are finite, the only difference between the more pessimistic 
and the more optimistic views lies in the question of how near 
the runaway processes of civilisation have already brought us to 
eco-catastr ophe . 

It is clear that these are matters which our society must 
treat with the utmost seriousness, and this fact should be reflected 
in our educational programmes. Students must be told fairly and 
squarely that many scientists believe that man is about to face, or 
is facing the greatest threat to his well-being and survival that 
has ever occurred, and that catastrophe on an unprecedented scale 
is not far away. They must also be informed of the arguments on 
which these gloomy predictions are based, and al8o of the views 
of others who take the opposite stand, telling us there xs no cause 
for alarm. The must also be told of the academic, polxtical. 




commercial and religious allegiances of the proponents of the 
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different points of view, and they should he encouraged to discuss 
and dehate these problems themselves. 

Take, for example, the population situation. The students must 
he informed not only of the straight facts relating to population 
increase, hut also of what ecologists are saying ah out the significance 
of recent population trends and of the associated explosive growth 
of technology and industry. They must he told of the views of those 
scientists who regard the situation as extremely grave and urgent, 
and they must he made aware of the viewpoints and arguments of 
other individuals and groups (e.g. the Catholics and the Communists) 
who do not advocate controlling the population growth. This 
controversy is perhaps the most critical one, in relation to the 
future of mankind, that has ever arisen in the history of civilisation, 
and it is indeed discouraging to discover the manner in which these 
vital issues are treated in science textbooks. Xn one senior science 
biology textbook, for instance, I can find only one page referring 
to population changes in the human species - changes which, quite 
apart from their significance in terms of the future well-being of 
mankind, represent one of the most spectacular biological developments 
in the biosphere since the beginning of life on earth. At the end 
of this page the following statement is mat a:- "Yfe are now facing 
a new crisis and the need for a second agricultural revolution. Man, 
with his knowledge of modern biologs'-, is now seeking new ways of 
increasing the productivity of the earth and the seas. The problem 
is not yet solved. It is one of the greatest challenges modern 
O . biology presents to the youth of today". 
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In spite of the clarion call In the last sentence, I find such 
a statement of the situation deplorably inadequate. Is this really 
all that biologists have to say to the senior science biology students 
of today about the population situation? This treatment of the 
subject not o nly belittles the problem itself, but it also implies, 
as is so often the case in today's science textbooks, that all the 
answers to any problems that may be left to mankind lie in further 
intensification of scientific research and technological development. 

What possible educational justification can there be for shielding' 
the youth of today from these crucial issues, and thus providing them 
with a completely, false and rosy picture of the world situation? 

. . Before leaving the topic of ecology, X would like to refer to 
one important single fact of relevance in our attempts to present 
the student with some understanding of the present world situation 
v; in biological and historical perspective. It is simply the fact that 
h uma n society has come to use quite recently in its daily interaction 
with the environment about as much energy as all other land animals 
and plants put together. That is to say, human society now utilises 
in one day about the same amount of energy as is fixed through 
photosynthesis by the earth's terrestrial vegetation in the same period 
of time. If ever there was an ecologically significant fact, this 
is it; and yet I can find no mention of it in any of the school 
biology textbooks t. at I have examined. 

I could continue for some time to list biological topics of 
special significance in relation to modern society, but which i 

receive extraordinarily scant treatment in both school and university 

O 

ERIC biology courses; they include, for example, the chemicalisation of the 
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environment 5 the biological implications of the nuclear threat and 
problems of aggression and other aspects of behaviour in man. 

However, I will hot tax your patience further, and X feel the timr 
has come for me to summarise what X feel should be the main aim3 
and objectives of biology education in secondary schools. They 
are as follows : — 

(1) To assist in providing the student with a comprehensive 
and balanced picture of the human situation in biological, and 
historical perspective* 

(2) To provide the student with an understanding of the basic 
principles that have come to. light in biological, science 
especially as they relate to the well-being of manlcind now 
and in the future* 

( 3 ) To convey . an appreciation of the. impact of human society 
on the biosphere and to introduce the s Cu&ent to the concept of 
the constant' and highly significant interplay between cultural 
and biological processes. 

(if) To introduce the student to an area, of study which might 

come to represent for him a source cf continuing ..and intense 
interest., and of" personal .satisfaction and enlightenment* 

( 5 ) To deal fully with- important schools of thought relating' 

to the future of the biosphere and the~future well— being of 

mankind — ^.giving fill treatment.,— f ox example, tc- the biological 

* 

imp 1± cat io ns - - of the- continuing population growth and- the- associated 



technological, revolution^ 

To stress not only the important principles that have come- 
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to light, tut £ ,lso the imporbawfe areas of 1 ignorance that still 
exist. 

Up to this point I have been dealing almost entirely with the 
first of the three questions that I assumed we are trying to answer, 
namely - what should be the aims of education in biology in schools'? 

As for the second question — are these aims at present ng 
achieved? - my answer to this question (in terms of the aims as I 
see them) is short. In my opinion, they are not being achieved. 

As for the third question, what should be done to improve 
the situation? - I think it is better to leave this for the 
discussion, since in any case you may well not agree with the points 
that I have been making, and any attempt of mine to answer the third 
question would represent a further waste of your time. 

In conclusion, I would like to restate my firm opinion that 
we have in the past neglected, very much to the detriment of our 
understanding of the h uma n situation and probably of the well-being 
of mankind, the study of the interplay which is taking place con- 
tinually between the processes of nature on the one hand and the 
processes of culture on the other. I feel that both in schools and 
in universities, big efforts should be made as soon a: possible 

to correct this very serious deficiency in their education programmes. 

I believe that biology, by the very nature of the subject, 
offers a very special opportunity for moves in this direction, and 
that steps should be taken now to modify, or in some cases, to 
revolutionise biolo^/ teaching with this concept in mind. It would 
be in many ways a very difficult task. To begin with, we have to 
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somehow overcome "the inevitable resistance 1'rom die— hard sp ecialists , 
some of whom are unable ho appreciate the value and. importance of 
interdisciplinary , cross -disciplinary and integrate, ve work; and, 
of course, it is also much easier to prepare specialised courses 
and curricula dealing with subjects which have been nicely 
described in the literature. 

The point that I wish to stress is that strict compartmentalisation 
of subjects in education in schools very effectively inhabits the 
development of understanding of the human situation as a whole. 

And yet, at the present time, there is nothing more desperately 
needed by society than people capable of taking a long-range and 
comprehensive view of human society and its problems. 

I have referred in these comments only to science textbooks and 
curricula, and very little to individual teachers. The reasons for 
this are obvious in that curricula and textbooks are easy to examine, 
and they must surely reflect to a considerable extent the "official" 
view on these matters. On the other hand, I am fully aware that, in 
spite of all the regulations , much depends on the views and social 
consciences of the individual teachers, many of whom I know are 
already very concerned about some of the major issues that X have 
discussed today. 1 know that many teachers do, in fact, introduce 
in one way or another some teaching along these lines, although it 
seems that the degree to which they are permitted to do so varies 
from state to state. 

X also appreciate that tremendous advances have in fact been 
made in recent years as a result of immense efforts on the part of 
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individual enthusiasts, who have already overcome some very 
formidable obst act No one who is aware of the importance of 

biological knowledge in relation to human well-being can fail to 
respect the efforts of those who eventually succeeded in having 
the study of the phenomena of life introduced into the schools 
in New South Wales, and we have nothing but admiration for those 
whose dedicated efforts resulted in the creation of the excellent 
Australian version of the B 0 S 0 C.S* book — ,f Web of Life 1 ’* Certainly 
these moves must be regarded as very significant steps forward, 

My point is simply that, bearing in mind the urgent need for a 
more comprehensive and holistic understanding in the community of 
the problems of society, many of which have strong biological 
components, X personally feel that we have still a veiy long way 
to go • 

The great challenge that faces the members of the rising 
generation today is to sort out the mess that has been created 
by their forefathers, to unravel the complex interrelationships 
between the forces threatening the total environment, and to work 
out and implement, before it is too late, plans for protecting 
the biosphere, civilisation and future genei’ations of mankind. 

The great challenge facing the present adult generation is to provide 
young people with an education that will prepare them emotionally 
and intellectually for this gargantuan task. 
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The discussion did not produce a set of aims or behavioural 
objectives for all biology teaching in Aeistralian Secondary s tools. 

Most conference members felt that there were few aims for 
biology teaching that could, or should, be externally imposed upon 
teachers. Teachers, however, should decide their own aims, or chose 
a course consistent with their o vin aims. The presence of independently 
developed courses for either junior or senior secondary schools in all 
states except New South Wales makes it difficult to decide on 
appropriate aims for either level. This problem is intensified 
in States, such as Victoria, where each school is free to decide its 
ov7n aims and emphases, at least up to the G-rade 10 level. 

However, the conference recommends that the following broad 
objectives should form a framework within which courses and materials 
for biology teaching should be developed'; 

1 . Biology courses at all secondary levels should be planned and 
taught so that man's place in, and interaction with, the 
biosphere permeates the whole course. This does not mean 
that the course should ba centred on man as an example, 
but that the relevan all topics to this theme should 

be made clear. 

2. Any biology course should show something of the processes 
and logic of aoienc^, not as a separate topic, but within 
the framework of the course content. 
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CRITICAL WALtlATION OF CURRENT COURSES 



In "this session speakers familiar with each of the major courses 
offered at senior level in Australian secondary schools discussed the 
advantages and disadvantages of* these courses. 

Each speaker commented on the problems of hoth time and content in 
their course* There was not enough time available to cover the material, 
prescribed in the syllabus* 

It was felt that teacher preparation and in-service courses must 
play an increasingly important part in the development of Biolo^ teaching* 
A general feeling that emerged in discussion was that the success or 
otherwise of any course depended on the individual teacher’s competence* 

The meeting also considered the relevance of the various courses in 
the light of Dr. Boyden’s address of the previous day in which he 
criticised the failure to teach the social implications of biological 
principles. It was agreed that perhaps only the West Australian Human 
Biology Course gave adequate treatment to this facet of biology education. 

In speaking of the advantages of ,f fhe Web of Life ” Mr, Hutton 
referred to the attractive format of the Text, the usefulness of the 
,f Taaoher^ Guide 11 and the oompi^ehensiv© nature of the "laboratory Manuals"* 
He felt however, there was need for a thorough revision of all three 
and particularly stressed the lack of continuity or them© in the text 
materials . 

Miss Stock made a number of points concerning the advantages of 
teaching biology as part of an integrated science course. She was 
concerned however, by the fact that much of the N* S,W s material was 
highly theoretical and too divorced from practical work. 

The address by Mr. Stephenson revealed Queensland Zoology to be 
something of a backwater in terms of syllabus development* The course 
was too much orientated towards tertiary work* 

Mr* Katavatis explained that the W , A* Human Biology Course was 
still in the developmental stages. At the moment it was suffering from 
a lack of teaching aids but both teacher and student enthusiasm was high* 



AN EVALUATION OF W «EB OF LIFE 1 * MATERIALS AND GQtmSES 

Deane Hutton 



Have you ever driven your car up a busy mountain road on the wrong 
side , in the face of* on— coming semi— trailers? Of* course not! If* a 
special law were passed today m a king it legal for you to do so, would 
you take the opportunity? I think you would consider the proposal with 
the kind of* levity with which biology teachers view some of* the oppor- 
tunities presented to them by syllabus writers and Examination Boards - 
Such boards have said to us, 'Ulere is a Biology syllabus — a list of 
topics , You could use the 1 Web of Life 1 , but you 1 re quite welcome to 
use any other mateiialSo" When driving uphill, nobody wants to run 
into a prime— mover coupled to a fully-loaded trailer. And the 1 Web 
of Life* is a pretty formidable prime— mover — particularly when firmly 
coupled by a syllabus to a fully loaded examination. No wonder few 
people have tried using other materials in States where the biology 
syllabus is so plainly this book. 

In many courses of study, it is true that the syllabus and the 
textbook are almost the same thing* However, where the *Web of Life* 
materials are concerned, this relationship seems to be rjyen stronger 
than usual*. In fact, the authors of the book knew that they were 
writing material from which the syllabus would evolve* Consequently, 
where the 1 Web of Life 1 materials and the accompanying derived syllabus 
have been introduced, there has been little or no experimentation with 
other textbooks * 



iyas , of courso , based, on "the American 



ORIGIN OF VwlEB OF LIK E 1 

The 'Web of Life* t 1 ' 

Biological Sciences Curriculum Study (BSCS) materials, and. such, a 
birth, was almost certainly the main reason for the strong ayllabus- 
text union* American teachers, and. Australians involved, in the 
early trials of American materials, were confronted with textbooks 
which implied the syllabus* Thus the trial was primarily a trial 
of books, and only secondarily of the syllabus* However, experi- 
mentation and comparisons were possible at that stage because 
teachers were given the choice of covering roughly the same content 
areas from three different angles with three different emphases — 
the ’blue*, ’green* and ’yellow’ versions. The small sizs of student 
population in Australia would not have made the provision of such 
choice eoonimically feasible in this country. The Australian version 
did, however, retain the ’package deal 5 format (syllabus, text, 
practical manual and teachers guide) and as with the American materials 
this format seems to have been one of the major factors in gaining a 
ready acceptance of the ’Web* by teachers. Other factors which have 
lent weight to the impact of BSCS materials on teachers and classes 
have been the use of an enquiry approach and an emphasis on levels of 
biological organisation which have often been ignored, in the past, 
by authors. In addition, each of the American versions had a strong 
appeal because of the definite theme running through it. I.J. Schwab, 
in his ’’Biology Teachers* Handb©ok ,, , has made a profile of level 
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emphases in ennh of the tlxree Aaerioan versions • v 
level which received "bhe greatest; emphasis was given a score of 5 and 
the other levels given a value 'between 0 and 5 depending on their 
relative emphasis when compared with the major level. A similar 
process was carried out with a number of* conventional texts and an 
average profile for a conventional text was obtained. Subjective 
opinions and objective chapter-section counts were combined to give 
these profiles. Figures 1 and 2 indicate some significant diffex'ences 
between " conventional" and BSCS text materials. 

Not only was there a shift in emphasis from the traditional 
organ— tissue theme in each of the BSCS texts , but also, each of them 
achieved a more even balance of levels. 

I have attempted to construct a similar emphasis profile for the 
■VS/eb of Life* by making chapter-section counts . On completing 'this 
profile, I felt the obvious thing to do was to superimpose it on the 
profile from the American Green Version, on which the Australian ’Web* 
was so obviously based. Figure 3 makes this comparison. 

I was astounded at the discrepancies between the two and immediately 

f . 

felt a compulsion to look it the 1 Web ' profile with that of the "oon- 
van.tio rtal H pre- Sputnik American biology text. Figure h-» 

Apart from the 1 Web 1 s* ecological hump, the profiles are remarkably 
similar. Perhaps this is not so surprising when we remember that the 
•Web* was not simply an Australian adaptation of the Green Version, but 
rather an adaptive expansion of it which took in some of the character- 
istic approaches of both Blue and Yellow versions. It was bound to 
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appear^ in sime reapeots^ as a sort of compromise. Although it has 
very definite themes in parts , the Too oh: as a whole has less cent:!, nuity 
in theme than any of the three American texts. Does this matter? YVho 
can say? After all, with A2 chapters divided into two distinct hatches , 
it is really two hooks in one , Its comprehensive nature and shear 
wealth of information would lead me to choose the f W@b f as a shelf 
copy for my library before the American Blue , Green or Yellow, Perhaps 
students think similarly — the availability of second— hand copies of 
the 1 Y/e'b 1 seems to be extremely low in schools* However, I think I 
have detected among my students a longer time lapse before they feel 
they are "in step" with the * web 1 than ever occurred in iny classes 
using the Green version. Maybe this tentative, highly subjective 
observation has some basis. Perhaps the time lapse is due to the 
difficulty in identifying a theme running from front to hack cover. 

One thing seems certain — the 1 Web of Life 1 lacks, in part , one of the 
features which gave the American texts their initial appeal. 



'YEBOPLIIE^J^mXALS 



In a course where the materials govern the syllabus, lay down a 
programme and direct teaching methods, the actual books and manuals 
warrant close examination* I am certain that many of you have made 
your own careful analysis and evaluation, I have tried to temper my 



own prejudices, by basing this evaluation on discussions with students 
and other teachers* Some of these discussions have involved whole 



classes, some have been individual and mny were tape recorded for 
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subsequent analysis. 
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When students and. teaoliers compare the * Web of Life* 'textbook 
with other science texts * two things seem to stand out as highly 
significant in their minds, The first is the attractive format of 
the book® Pupils are proud to take it home ; its photographs 5 diagrams 
and charts invite perusal^ parents., brothers and sisters pick it up 
and read itj students from other subjects are jealous. The second 
significant point arises after reading a chapter or two. There seems 
to be a lack of precision - fact-lists * definitions and summaries 
are missing. This * of course* is a cunning plot on the part of the 
authors* But it does worry new students (and new teachers) — 
revision and learning for factual tests becomes a difficult and 
somewhat obscure task* However* X am certain that the authors have 
employed this approach to avoid mere verbalism and to accentuate the 
importance of experimental work* The text 1 a lack of precision* by 
promoting an initial feeling of insecurity in the student* almost 
forces class discussion — this interpersonal learning situation 
which has been an integral part of all the BSCS courses* I must point 
out that generally the text imprecision worries students less as the 
year progresses* Some students take a few weeks to become aooustomed 
to the new approach* many require a term* and some take the best part 
of a yean Possibly* a reasonable compromise would be the inclusion 
of a summary at the end of each chapter — as in the early BSCS G-reen 
Version* X feel that this would avert some of the initial insecurity* 
while still promoting the view that tex±* teacher* practical work and 



discussion are all important sources for information and attitudes* 
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Does "the different; nature of the 'Web of Life 1 textbook lead to 
increased individual reading by students in comparison with other 
texts? I expected that it would. My discussions with students 
have suggested that they nearly all have a ''flick through" the book 
soon after they get it; they read the physiology chapters avidly - 
particularly the one on human reproduction; but they seem reluctant 
to make full use of the excellent index and catalogue of living 
things. Perhaps this reflects an omission in our junior secondary 
science courses — a failure to instruct pupils in the use and value 



of an index. 

The Students' Laboratory Manuals and some of the experiments 
have come under fire for a number of reasons. Many teachers object 
to the format - I think it looks like an afterthought — secondary 
to the text rather t han being of equal importance , Certainly it 



could be more compact (by using smaller print and less empty space) ; 
easier to follow (by using more diagrams and less words) ; and more 
convenient to use in a loose— leaf* system (by starting every experi- 
ment on the right-hand side of a new page) , These changes are only 
necessary if we contend that carrying out experimental investigations 
is more important than deciphering oxpe rimontal instructions, X think 
it is. 
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Several students have informed me that they object to some of the 
experiments on the grounds that "ftiey are " a bit rigged". This 
surprised me, but they pointed out that the answers to questions are 
frequently hinted at, that by reading ahead and coming back, even the 
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novice student can often drill in all the correct ejiswers — without 
aotual experimentation * Probably this criticism is not well founded 
ion most of the investigations ^ but it seams that if some students 
detect even the slightest suspicion of bench work being a 11 pub— up 
job 11 bhey are likely to reject our claim that we are providing them 
with a science course based on enquiry* 



TEACHING METHODS 

The introduction of BBGS biology courses in Soubh Australia 
has been accompanied by some radical changes in beaching mobhods » 

The unusually rapid aooepbance of these methods lias > I ’think , arisen 



mainly from two powerful influences — the Teacher 1 s Guides and 



Inservice Conferences,, The 1 W&b of Life* Teacher* a Guide is particu- 
larly comprehensive — even more so than Its American oounterparts * 

Nob on y does it outline ad ms and objectives of bhe course, and 



suggest methods for* using bhe bcoct and laborabory manuals, bub ib 
also includes specific chapter guides which programme all activities 



in bhe course, from beginning bo end, in miniate detail* It is a 



"bible” bo new teachers, bub bends bo be progressively ignored as 
a teacher gains e^cperienoe* Like the laborabory manuals, perhaps 
it is boo wordy in parts * In particular it seems to lay such a stress 
on "major ideas” and "single propositions” that many teachers have 
misunderstood bhe authors f intention, and duplicated copies of this 
teacher information for students to "learn”* 



Initial inservice training of teachers involved in pilot BSCS 

O ■ 

j; )roJeots in S* A* was little more than the in^QQ. exchange of ideas - 



my/tua! liexp 9 animated cL±soii 3 s±o:ri ^ncL ^esporat© grasping f*ox* xxinssiiireuioe# 
A small "but enthusiastic group of -teachers, leoturers, inspeotors and 
examiners gradually put more structure into "this -training until by 
the time the 1 Web* was released in 196? hew or uninitiated teachers 
were being thrust into Inse x-vice Conferences of* a most unusual nature , 
They were placed in the shoes of the student and forced to experience 
the new iiBtsrials and teaching methods from his viewpoint - the 
practical work, discussions, text interpretation, the highly structured 
discussions referred to as " invitations to enquiry”, more discussions - 
the loti These conferences almost certainly played the major role in 
the nearly universal adoption of BSCS-advooated enquiry and discuss. ion 
methods of teaching. The old converts were regularly brought bank to 
conferences to help spread the good word. Efficient evangelism or 
skillful brainwashing? I'm not sure — but it was certainly both 
skillful and efficient. Many teachers in S.A. are now questioning 
the methods which they so eagerly adopted. Some have abandoned 
"invitations to enquiry” and now put a limit on free class discussion. 

A few have completely reverted to the traditional teaching methods of 
chalk— and— talk— and— duplicated— notes— and—drill. Why have teachers 
done this? It seems to me that many young science teachers are 
extremely conscientious and highly self —critical. An initial poor 
response in class discussion is frequently attributed by the teacher 
to his own inability to handle the novel situation. So he reverts 
to conventional teaching methods with which he has had more ” success” • 
There is, certainly a need for continual help and encouragement. 



JNJ e ve r th e la « s , let f s hope that we don 1 t try “to insist that everyone 
teaches ±0 exactly the same pattern and. progrannne # In a course whex'e 
the teacher is required to ±*±11 such a variety of roles , I tliinlc ±t 
is important that the teacher he given the night to select the methods, 
and balance “between them* that heat suit his own personality and 
abilities* And if* he considers that for him some conventional 
techniques are necessary^ he should he able to inoorporate them into 
his progmmme without being made to feel that he has failed on is 
letting the team down* 

/ 

EVALUATION 

New material , new objectives, new approaches and new techniques 
maRe new means of* evaluation highly desirable* Objective test items 
of* the multiple ^choice type have become very popular in S*A. for 
evaluating the progress of* students using BSCS materials* The teacher 
of* a few years standing, with his own test items plus his file of 
swapped tests from other teachers, is in a happy position; but the 
novice teacher is desperate* Sets of high quality objective test items 
covering all parts of the course are urgently required. I'ortunately, 
the diagnostic tests which ACER is preparing will be ready in 1 971 * 

SCOPE EOR BECOM^NDEB COURSE 

A recent meeting of the Biology Teachers Association of S.A* 
considered the suitability of the 1 Web of Life 1 part I as a Leaving 
course , and the * Web of Lifa 1 part II as a Matriculation course. It 
was a fiery masting with a large proportion of the biology teachers in 
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this Stats participating in the discussions; and a number of* general 
and specific points emerged* There was general agreement that part I 
comprises a coherent and relevant course of* study for students at 
Leaving level - although a few thought that a Biology course that 
does not mention the cell is a disgrace, and a few would like to 
insert a slab of human physiology into the present course „ 

Part IX of the book received much more criticism than part I. 
Although most agreed that the amount of material in part IX was too 
great to be adequately covered in one year, there was no universal 
agreement on which sections are absolutely essential and which ones 
could be omitted. However, four chapters were the subjects of very 
heated debates. 



Chapter 28 on " Chemical Co-ordination" was blasted from many 
directions. It was claimed the method of treatment was so inconsistent 
that the chapter is of doubtful value. Students find the details of 



the relationship between electromagnetic spectrum and the response 
mechanism in plants extremely difficult to comprehend. On the other 



hand, the treatment of the endocrine system seems to be very super- 
ficial - all the glands are dismissed in a page and a half. It was 
suggested that the chapter needs to be completely rewritten. 



Chapter 29, "Internal Regulation" , had as many ardent defenders 
as it did critics. Some were perfectly happy with it as it stands. 



while others said they would prefer to see the important feedback 



concept introduced incidentally elsewhere in the book - perhaps in 
sections on population, reproduction, evolution and the nervous system, 

erjc 






Mar ly felt that some of the best sections of the book have been 
i^iored by the S.A* Matriculation Biology syllabus* One such Cinderella 
section is Chapter 30, 11 Scavenging Systems"* This chapter covers 
important areas of current medical research such as the antigen-antibody 
mechanism, problems associated with immunity to disease, and tissue 
grafting and organ transplantation* These things are relevant to tin 
student - they may touch on him or his family directly and they are 
certainly brought to his notice frequently by the mass media - yet 
we ignore them in the S.A* course. 

Chapter yi , "Recognition and Leaming" had many proponents for 
similar reasons. Some of the topics covered are: interpretation and 

experience , innate behaviour and leaming, insight, memory and the 
significance of language. These things are closely allied to what the 
pupil has been doing for a number of years, is attempting to do now, 
and will be doing for the rest of his life. Once again, relevance - 
but we ignore the chapter. 

In my opinion there are a number of important social problems 
with significant biological components which are treated superficially 
or iporea in the 'Web 1 , One such area is the effect of man on his 
environment. There is an excellent brief treatment of the problems 
of pollution and conservation at the end of part X in Chapter 16 . 

This was probably adequate for 19^5 when the book was written, but it 
certainly seems inadequate in 1970 in the light of current and growing 
public^ awareness of these problems. This of course is a publishing 

editorial one. Some controversial social 
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problem rather than purely an 
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issues seem to have been completely ignored * Voss and Brown in 
"Biology as Inquiry" made an observation about the American BSCS 
materials which vould be applied to the Australian 1 Vueb of* Life* « 

They say, "The BSCS materials have excluded references to alcohol, 
narcotics and tobacco and their effects on the human body. However, 

(3) 

many other biology texts include information on these topics , UK 
It cannot be denied that in complex twentieth century human societies 
these issues are real problems „ And scientific research is being 
carried out in each of these fields. Perhaps the authors have ignored 
the issues because they feel a full discussion of them would involve 
moral judgments — and this would go against the grain of pure science. 
Have they acted wisely, or have they made a serious omission? 

Should not a complete science education include discussion of maa* s 
uses and abuses of scientific advances as well as an analysis of the 
advances themselves? 

THE FUTURE 

in South Australia, the Public Examinations Board, Biology Gomnitte 
has established a sub-committee to investigate the need for syllabus 
changes in the leaving and Matriculation courses for 1972* The *Web 
of Life* editorial group, headed by David Morgan, is working towards 
a major revision of their materials for release in. 1 973 * Hopefully, 
t.Tift P.E.Bp sub-co gnai ttee 1 a recommendations will reflect the opinions 
of teachers in this state, and undoubtedly it will communicate its 
suggestions to the editorial group. Presumably, similar mechanisms are 
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or will be operating in other states. But the final decisions, of 
course, lie with the editors. And these are vital decisions for the 



future of biology education in Australia, -because if history repeats 



itself, they win not only effect the content of published materials 
but will also particularize the actual syllabuses adopted by the 
State Examination Boards. Thus it seems imperative that each of us 
with a concern for biology education should somehow convey our 
feelings and proposals to the editorial group. 

When a science textbook is being published for the first time, 
or being subsequently revised, there is a serious time-lag problem. 
This problem is accentuated with books for senior science students 
in a country of comparatively small population. Such is the case 
with the Australian, 'Web of Life' . It is to be revised in 1970 
and 1971 , will be released in 1973# and for economic reasons will 



probably still be going in 1977# By then, some of the seven-year- 
old ideas will almost certainly be showing their aga. How can a 
book such as this be kept up— to— date? 

As a possible solution to this problem, X would like to suggest 
the publication of "Stop Press Newsheets" . X am not suggesting 
highly specialized supplementary booklets, nor am I suggesting an 
apology for being backward, but rather, short , simply-written news- 
sheets. of perhaps four or eight pages, aimed at and distributed to the 
student, and released only when needed. The could present new 
ideas or updated hypotheses , provide confirmation data as it comes 
available , and would keep the textbook relevant by expanding its 
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discussion on popular soienoe topics. If such, a mechanism were now 
in operation* possibly our pupils would he more aware of* modified 
ideas on PNA replication and protein synthesis* new ideas on the 
significance of cultural evolution* and* of course* recent facts* 
figures and predictions on environmental pollution* While providing 
a means for the rapid adaptation of course and materials to the 
needs of our student community* such a scheme would also emphasise 
the emphemeral and progressive nature of soienoe. There are* 
unfortunately* several practical problems # The cost of the materials 
would have to he increased — hut I think they can stand it. Collecting 
information* editing the newsheet and distributing it to schools would 
he an enormous task and would almost certainly require permanent 
staff* However* I feel that it would he well worth the money and 
effort* It would make a good package deal even better* Perhpas 
the Academy of Science* the Commonwealth Government or State 
Education Departments could be encouraged to subsidise such a 
scheme* 

CQNChtJSXQNg 

It seems to me that the nature of science courses in grades 11 
and 1 2 is extremely iD^ortant * It can provide a basis on which 
future knowledge* opinions and attitudes in the field of Science 
are built - regardless of whether the s tudent goes on with further 
study or not . In my opinion* the * Web:; of Life* materials * despite 

t some shortcomings* -have made a greater contribution to soienoe 
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education at Leaving and Matriculation level in South Australia than 
any other currently available materials in any of the sciences* 
Certainly some will disagree with my evaluation, ‘but perhaps others 
will feel that the * Web' has had such an influence in South 
Australia or interstate. 

However, before we give all the credit for the spread of high 
school biology to BSCS in general and the ’Web of Life’ in particular 
I think we should recognize that there was already an awakening of 
interest in biological science among university students, teachers 
college students, and teachers in the early nineteen sixties. So, 
like a surfboard, the ’Web* was launched on a rising wave of enthus- 
iasm, But unlike a surfboard, the ’Web’ has probably shaped and 
augmented that wave. It seems that our surfboard is now approaching 
the beach — the 'Web* is nearing the end of its first run. We’ve 
had an enjoyable ride on a wave of biological enthusiasm, but now 
many of us are starting to question the course and materials and 
methods we are using. Is the wave starting to break up? If there 
are faults in courses, materials and methods, this is not necessarily 
disastrous, because we will soon be going out to pick up another 
wave, and on the way we will have the opportunity to modify the 
shape of our board* Let* s hope it matches the new wave, ; 
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EVALUATION OF N,S,W, SCIENCE COURSES 
J. E, Stock 

The N.S.W. senior science courses have a feature in common 
which makes them different from the other senior science courses 
which are being discussed at this conference in that they are 
composite science courses, containing physics, chemistry, biology 
and geology in them. When I use the word composite hov/ever I 
use it in two different ways. The difference is illustrated by 
comparing the structure of the level 3 science course with that of 
the level 2 courses. In the level 3 course the physics, chemistry, 
biology and geology components are -interwoven to form a truly 
integrated soience course, Si the level 2 courses, often described 
as multistrand soience courses, the physics, chemistry, biology OR 
geology components (only one of the last two is selected by the 
student) are set out in separate blocks of material and integration, 
where it occurs, is in the hands of the teacher, 

I would like to emphasize that in trying to provide this M.nd 
; of science course at the senior level in N,S,W, we have attempted 

to do something that is very difficulty - some would say it is 
• : impossible, I do not intend to underestimate the difficulties 
i we have faced and if you read the daily papers you will already be 

• •••V;--' aware of some of the problems that have , been experienced with these 
senior science courses, I do not intend to defend the courses as 
I y they exist at the moment and in this evaluation I shall be recounting 

^ sonfe of the specific icriticisms made by teachers of these courses , 

at least the level 2 courses which lirve/J^0 most heavily under attack. 
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Some of these criticisms come from a detailed survey conducted by 
the N.S.W. Department of Education in 196? which sought the opinions 
of teachers who were involved in teaching the level 2 courses at 
that time. In spite of the difficulties that have been e^qperienced, 
I would defend the desirability of teaching biology within the 
overall framework of a course in science in the senior years at 



school. 

Because of the unique character of these courses I have chosen 
to evaluate them firstly in terms of the philosophy or idea embodied 
in teaching biology as a component of a course rather than as a self- 
contained course, and secondly in terms of the nature of the biology 
component considered as a course. Thirdly, I have seen fit to 
include some comments on the future possibilities of teaching 
biology in a composite framework, in view of the fact that in N.S.W. 
at the moment the senior courses are in a state of flux, !lt is 
proposed to introduce trial courses into some schools next year — 



one of these will be a new multistrand science course. In addition 
separate courses in physics, chemistry, biology and geology will 
be trialled. 



Philosophy of teaching biology as a component of a course rather 

than as a self— contained course . 

One very invariant feature of the present arrangement is that 
the ma. j ority of students studying science at senior level study some 
‘biology. Personally I think this is a very good thing. The only 
students who do not study some biology are those who elect the 



:RJC geology component in preference to. the biology component in the 
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14-8 

level 2 courses and this is a comparatively small number, 
were designing a course in science for senior years nyself I would 
design one that had biology as an essential component. I believe 
there are urgent and compelling reasons why biology should be 
considered an essential component of all school science courses. 
Some of the reasons have been made very clear in discussions at 
this conference. 

You might well ask whether students like being forced to study 
biology in a science course structured in this way. In the survey 
I mentioned earlier biology in terms of its popularity ranked 
highest followed by chemistry, physios and geology in that order. 

I think there may be some evidence to show that biology studied 
in this framework has done a disservice to physics and chemistry* 
Certainly the Interest and involvement of students in the biology 
section has been most significant in spite of the deficiencies 
in the biology content selected as X shall point out later. 

One of the problems we face in choosing to teach biology as 
part of a course is a limitation in terms of the actual time given 
for teaching it. If you think of the figures ^.ven in the status 
report you will realise that the time allocated to biology in each 
of the courses is as follows— 

level 3 — approx. 2 periods per week 



level 2S — 1.2 periods per week 
level 2F - 1.8 periods per week 
level 1 - 2 periods per week 




I do not mean to suggest that the 'biology component is strictly 
treated in the number of periods each weak that I have given above * 
Ideally the material is treated in blocks of* time. The figures 
given above are merely an indication of the relative amount of time 
that is allocated to the teach. of the biology component. The 
greatest amount of biology is taken by the student who takes level 
1 and therefore level 23* as well - he gets a total 3.8 periods of 
of biology per week. The point I am trying to emphasize is that 
when biology is taught in this framework there is necessarily a 
limitation imposed in terms of the time available for the teaching 
of biology*. This does not mean however that it is impossible to 
teach biology in less time but it does mean a careful selection of 
appropriate content on the part of those who construct the syllabus. 

A number of advantages accrue from teaching biology in this way, 

X have already mentioned the large numbers of students studying 
some biology. What is most significant is that this number includes 
a high proportion of very able students who under previous systems 
would have studied physics and chemistry only. This means that some 
of the best students in science are studying biology at level 23? 
and level 1. The less able student however 1ms not been sacrificed 
for the level 3 course is provided for him, as well as the student 
who is perhaps more interested in the humanities but who still 
wishes to take a science subject. Biology in the past was more often 
taken by girls and/ or the less able student. It was often regarded 
as a soft option. It is interesting now to see the number of boys 
who are^ studying level 1 biology but they are not doing it at the 
expense of preparation in physics and chemistry, 
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Science taught in this framework emphasises the similarities 
■between the different branches of science rather than their differences 
Biology depends heavily on physics and chemist zy . Take for example 
the subject of cellular 'biology which requires a basis of chemistry 
for its proper understanding. When a student gets to this section 
of the biology component he 1ms already covered the necessary 
material in the chemistiy component. What he has learnt in one part 
of Ms science course prepares him for study in another area, 

I agree with other speakers who have expressed the sentiment 
that school courses should not be considered preparatory for 
university study. Biology has always been a natural subject for 
capturing the interest of a student* even when it was taught in 
the "bad old way". But what happens to your student who has been 
captivated by his study of biology over two years and then decides 
that he would like to follow it up by further study at a university* 
only to discover that this is either impossible or else extremely 
difficult because further study demands a knowledge of physics and 
chemistry he does not have? I believe we do him a disservice by 
failing to prepare him in this way. The student who goes on to study 
science at a university is better prepared if he has studied physics 
and chemistiy, A student studying biology as well, demands a school 



course in senior years* if it has to include all three sciences as 
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separate subjects, that is far too heavily biased in science especially 
if, as is likely, adequate preparation in mathematics is required 
as well. In our level 2F science bourse the student is prepared in 
physios and chemistiy with some biology and if he takes level 2F 



151 



mathematics as well he is given credit of three subjects for the 
purposes of matriculation* This I believe provides adequate 
preparation for the student who requires it while at the same time 
avoiding undue specialization* 

Thera are certainly disadvantages in teaching biology in a 
composite framework* This would appear to be so for a student 
wishing to study biology as a subject without having to study 
physics and chemistry. When these courses were first introduced 
into N.S.W, schools in 19^6 some schools panicked believing that 
many iprls would not be able to succeed in them because of the 
compulsory physios and chemistry components. Some seized upon the 
idea of offering agriculture as an alternative course with the 
rather surprising result that this subject was introduced into a 
number of city girls 1 schools. I am not criticising this course 
as a course in agriculture but I doubt if it was ever intended 
to be a substitute for a biology course as we know it. Experience 
has shown that when a study of physios and chemistry is tempered 
by adding a treatment of biology to it, many students almost to 
their surprise have been able to achieve a satisfactory standard 



ERIC 



over the whole course. 

One difficulty which has been very real is the question of who 
teaches the courses. In all instances I know of, the level 3 course 
is taught by one teacher and this works well. How the level 2 courses 
are taught depends very largely on 'this.. -school and the staff that is 4.^ 



available. Ideally I believe each course should be taught by one 
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teacher. In many oases however it is not. When these courses are 
taught by a number of* teachers the courses are rather fragmented. 

Teacher competencies should be exploited to the full but often the 
specialist in one area better uses his skills and special preparation 
to help another teacher less well prepared in that area. Where 
this has occurred in a school, eventually an integrated science 
teacher has emerged. I do not believe in forcing teachers to teach 
courses they do not feel competent to take, but with help and 
encouragement over time and with the right type of inservioe courses 
available a teacher can equip himself outside his special training 
at the university. In Australia we seem to place too much emphasis 
on the initial training of the teacher ignoring the real benefit 
of subsequent training through experience and inservice courses. 

Some schools have adopted approaches involving team teaching while 
still encouraging teachers to teach across disciplines. Nevertheless 
in N.S.W, I believe we have not tackled the problem of the preparation 
of an Integrated science teacher at the preservice level and I 
think there is need for very clear thinking and co-operative 
planning on the part of* teacher educators in science and the schools# 

Nature of the biology component considered as a course | 

I have already mentioned the difficulty arising from the limitations ! 
imposed by time in selecting appropriate eonte nt. You -; might well 
ask what criteria were used in selecting biology".\ content for these 
courses. - 
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The aim of the level 3 course as stated in the syllabus is t 
provide a "deeper understanding of man’s place in nature and the 
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impact of science on man and his culture ", The 'biology content 
selected was in terms of its relevance to this general aim. Thus 
topic 4 which includes most of the biology describes "the story 
of evolution, especially the evolution of man; considers the 
adaptive diversity of living things throughout the surface layers 
of the planet and gives some explanation of evolution through an 
understanding of genetics • " 

The selection of biology content for the level 2 course was 
much more difficult. As is pointed out in the introduction to 
the biology section of the level 2 syllabuses "the plethora of 
facts in modern biology makes a severe selection of topics 
necessary. Those selected reflect both the nature of investigations 
into problems of biology and something of the great revolution 
that biology is now undergoing, probably the greatest in its history." 
The level 1 course includes material that grew out from the level 
2F material and intensified the general treatment of topics selected 
on the basis of the criteria just outlined, 

v As far as the level 2 courses are concerned the selection of 
content should have been even more drastic than it was. In the 
survey I have mentioned, it was reported that 82% of the biology 
items were taught without being associated with practical work. 

Teachers gave two reasons for this - firstly, insufficient time 

due to the need for covering too much material and secondly, the 
nature of the material selected did not lend itself to appropriate 
experimental work at the school level. : The consequence of this has 

"O been that the materials, has been- trej^^all too theoretically with ■■ / 
little involvement of the student^n satisfactory p recti cal exp eriences . 






This emphasises the need for defining the aims of a course 
more clearly. If an aim is to provide opportunity for students to 
discover things for themselves through practical exercises, the 
content selected must he such as to make the achievement of this 
aim possible* Because our aim was to provide an up-to-date biology 
course, it of necessity resulted in selecting material that seemingly 
could only be treated theoretically in schools. 

Some further results of the survey are worth mentioning — 

fields of biology and geology were taught by a significantly 
higher proportion of unqualified teachers 

in general, in the course as a whole, the least popular items 
were those containing material new to the schools 
Comments by teachers recorded - 
a very Interesting course. 

too theoretical for secondaiy pupils, not enough practical work 
to sustain interest, 

the biology course is disappointing because of the scarcity 
of suitable practical work, 
practical work took too much time. 

syllabus is far too full, • V ■. 

These comments, I believe, reflect two weaknesses in the level 
2 courses - the inclusion of too much content and the failure of that 
selected to allow satisfaotdiy praotical experiences for students. 
Future p ossibllltjes of teaching bl oiogy within a composite 
: / course y 

Whatever else has eventuated in N.S.W. from our attempts to put 

■ . • ‘V 157 >. ■' ’ ' : . 

biology into a composite science course, one thing has emerged that 
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is very significant. It is the general agreement not only amongst 
biologists hut amongst physcists and chemists as well that hiolog y 
has earned a place in a composite science course equal to that of 
physios and chemistry. Thus in preliminary discussions in the 
new multistrand science course to he introduced next year in 
certain schools, it has been agreed that in this course of 12 
periods per week, physics, chemistiy and biology (or geology) 
should each have an equal time allocation. In terms of future 
planning then, we now have to think in terms of preparing a biology 
component which has a time allocation of A periods per week. With 
clearly defined aims and this longer time available there is an 
opportunity to prepare a course which I believe will Interest and = 

challenge pupils and teachers alike. 

It is unfortunate that in Australia while we hear so much about 
the American science curricula like B.S.G.S. biology, CHESM Study i 

Chemistiy, Harvard Project Physics etc,, we hear so little r 

• ■ ■ ■ ■ ' & 
r - . - - : r • - • * * : ' '<= 

about other important curricula in the American scene. One of •- 

these is the Portland Project which provides a curriculum in j 

| integrated science for the last three years of- . high school. The J 

first project attempted an integration of physics and chemistry only, 1 

| but encouraged by its success then attempted another course with 

j the integration of physics, chemistry and biology. While I do 

5 not see the Portland Project as the ultimate in integrated science 

( ' • ■ " programmes I believe it does point a way to going about integration. 



Another currioiilum operating locally in the Monona Grove High School, 
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developing a course in science through these ideas. The diversity 
of programmes in the United States has shown that there are many 
ways to go about integration. In N.S.W, we have only just started 
in attempting to teach science in this way at the senior level. 
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AN EVALUATION 03 ? SENIOR ZOOLOGY IN QUEENSLAND 



W* Stephenson 



Zoology in Queensland is a two year course at the end of which 
an external examination set by the University acts both as a 
leaving and matriculation examination on the basis of points gained 
on a seven point scale , a seven being the higiiest level pass. The 
Zoology course is taken by most students after three years of a 
Junior Science course (Intermediate) during which a considerable 
amount of Biology is included as part of Science A. 

The Syllabus 

The syllabus covers a broad range of topics in considerable 
depth. Zoology is by no means hard but it is bulky and demands a 
considerable amount of knowledge (useful or otherwise) being amassed 
by the students, A synopsis of the syllabus, is as follows :« 

(a) Introduction * Characteristics of living things as a whole* 
Plants vs animals. Concepts of metabolism. Taxonomy briefly, 

(b) Cells and tissues: Functions of organelles. Main types 

v of tissues, - 



(c) Invertebrates i Stress on ,, ■type3 ,, of the main phyla with 
considerable reference to local species. 

(d) Vertebrates: Amphioxus , shark, frog and mammal in detail, 

the theme being conquest of the terrestrial environment and 
evolution. 



(e) 
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Genetics: DNA, genes, mitosis and meiosis, mono- and 

dihybrid crosses 31 blending inheritance, linkage . 
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(f) 



Evolution: Evidence for and theories of evolution and the 



evolution of man 




animals, poisonous animals. Conservation,, 

There is no fixed order of approach. This is left to the teacher 
and can be varied each year, (This avoids the problem of falling 



type but this can be incorporated into the course where possible. 
Practical work is suggested but this is by no means self— limiting 
and where possible, instructive and enjoyable extra practical work 
can be attempted. In the past, teachers in Queensland have been 
loath to do much practical work on animals, perhaps because of lack 
of facilities, or suitable training, or interest. (Some teachers 
are forced into teaching Ecology because there is no one else 
available ) , Practical work is directly examined. This Involves 
photographs of animals , sections, dissections etc. Ft’sctical books 
have to be submitted to the Senior examiner and/or laboratories have 
to be Inspected. Questions are often biased towards practical work 
e.g. "in the marnmal you dissected, demonstrate v/here ” 
(Unfortunately students occasionally quote Homo sapiens — one wonders 
who, where and how?) Excursion work is of ten examined directly or 
indirectly e.g, ‘’on your excursion, » * , « (l suspect however that 
such questions could be easily bluffed). 

A text is suggested: "Eoology for Senior Forms ' 1 by Stephenson, 

Bleakly, Endean, Thompson and Knkkawa. Any suitable text could be 
O U3ed. A discussion of the textbook itself will be given later. 



into a rut) Hi# course is not of the group orientated discovery 
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There is a small section on conservation which is especially relevant 
in Queensland at the moment. Most students are avid conservationists 
many of* mine belonging to local societies. The course, especially 
in the invertebrate section, is written for local animals and this 
overcomes the problem of* students applying structures of* ,, f’orei^l ,, 
species to the wrong animals e.g. confusing different genera of 
earthworms. The problem of rote learning (in excess) is probably 
one of the worst facets of the Zoology course as it exsits ; however, 
there is generally an underlying theme or story. Por example, no 
one would esqject a student to learn off the cranial nerves of a 
shark but if these nerves are grouped into similar types and a 
reasonable dissection done, the problem is lessened, I feel that 
there should be more stress on man as an animal (I realise that man 
can not be dissected and the rat can, but to base the bulk of mammals 
on the rat just because it is available for dissection is not 
necessary,) There is little on marsupials, the Greet Barrier Reef, 
animal behaviour etc., all of which 1 consider to be very important. 
Marine Biology as a whole interests students in Queensland, 

Further, the syllabus does not cater for weaker students who easily 
become snowed under early on and can* t see the wood for the trees. 

The course as it exists gives students no idea of what a controlled 
experiment is or how to make use of keys , sldllls which are very basic 
to any life scientist. There are many areas where the syllabus 
can be improved! as it exists it has many deficiencies which can 
be rectified by good teaching methods and a ’liberal " interpretation 
O °f the syllabus. 

:R1C ICO 
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Student Numbers 

It is fairly obvious from figure 1 that Zoology has a healthy 
growth rate, especially when compared with Botany and Physiology 
in the past. Student numbers in Zoology got a considerable boost 
after the introduction of Biologr in the Junior science A course 
in 1964.. Reasons for the low popularity of Botany and Fhysiologr 
are not obvious but I could make some guesses vis (a) boys at least 
are probably more orientated towards animals, perhaps considering 
plants beneath their dignity (a pi%j and easily rectified) f 
(b) a lack of qualified teachers - the Physioloffir course for Senior 
was exceptionally tough and failure rates were high. This tended 
to turn students and teachers away from the subject; ( 0 ) Physiology 
as a subject is not offered at the first year University level, 
thus eliminating many potential teachers, (Zoology I is a fairly 
adequate background for the teaching of Senior Zoology although it 
lacks method knowledge required for practical work, ) 

B.S, C,S, has reduced the number of students and teachers in 
Zoology and will continue to do so; the level at which the decline 
in Zoology will halt can only be guessed - I suspect about 1000 
candidates* Zoology is the most popular science subject after Maths I, 
Chemistry and Physics, With the relaxation in prerequisites for 
matriculation in Science, Zoology would become even more popular. 

The Problem of Making Zoology Attractive 

The first step would be to change the syllabus along the lines I 
have suggested, (I don't know if other teachers would approve of my 
suggestions totally, but most would agree in part,) Practical work 

1S3 
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must be increased well above the present minimum level and must be 
made attractive and variedj this could lead to the development 



Frequent field trips are necessary . In this light, our school 
is building a field station on an island close to Brisbane, 

The University has a field station at Dunwleh on Stradbroke Island 
which it makes available to all schools for Biology excursions. 
Unfortunately this has led to problems of depletion of local 
environments due to overoollaoting. 

Examinations 

Two 2 hour papers are set. Paper I is an essay (extended 
response) section. A choice of A out of ? questions is £p.ven. 

Paper II is totally compulsory containing 24- short questions to be 
answered in about 10 lines each, and a section which directly 
examines practical work. Almost all questions are of the knowledge 
type, often on fairly minor details rather than overall concepts, 
e,g, "what are the main phases in a -typical oestruo cycle", "give 
four characteristics of all enzymes", and "what is meant by fixation 
as applied to histological preparations", I might hasten to add 
that when a good question is set which involves skills in the higher 
domain, all the students fail and the teachers complainl 
Text Book 

The recommended text is "Zoology for Senior Forms" (Stephenson 
©t al.) The text is the only one written specifically for the course 
but there are many other useful and recommended texts. On the 
whole the text can do with considerable improvement ; the diagrams 



of attitudes and techniques at the expense of rote learning. 
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are often confusing and difficult to interpret, being either too 
simple or too complex. Hie whole book is in black and white which 
does little to motivate students - animals are particularly' suitable 
for coloured photos. For the average student, the text is not easy 
to read although this does not apply to all sections. It would be 
handy if after each section there were some questions or places where 
student response could be tabulated (perhaps a companion guide would 
b© suitable), A text must be attractive and stimulating if it is 
to be read for any reason other than for passing exams. Teachers 
should have had a say in compiling the text before it was produced. 
Student Response and Criticisms 

We are concerned with educating young people and their education 
and enthusiasm are more important than the subject itself (I prefer 
to think I am teaching beys Zoology rather than Zoology to boys). 

Every year I do attitude tests among my own students and try to vary 
ay approach, methods etc. in the light of their criticism. This 
makes the student feel that they have a say in how things are run. 

For example, if a suggestion is made that they would like to see what 
the motor end plate of a neuromuscular joint looks like, I will buy 
slides of this, and, I hasten to add, remind them that this is some- 
thing they wanted to look at and it has been provided. I do not pretend 
that my attitude tests are "good” or representative hut the results 
of some of these tests are ^.ven "below. 

Why do students take Zoology in the first place? 

(i) Many students take Zoology because they want to take a University 

course which involves Zoology e,g. Medicine, Agricultural Science, 
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Veterinaiy Science etc, 

(ii) Mary are interested in animals as a hobby and want to learn 
more at out them 

(in) Some, of course, take Zoology as a sixth subject, because 

they have failed in Maths or Science B at the Junior level. 

What have students got out of Zoologr? 

(i) Most, find it interesting. They can learn a lot about the 
sorts of things they see around them and a lot about themselves. 

(ii) Students enjoy the field trips both academically and socially, 

(iii) Some like ZooIoqt because it is not ’’cut and dried”. Many 
enjoy the ’’rave” sessions when we have a free for all 
discussion on anything vaguely zoological. 

(iv) Unfortunately , some students say they get nothing out of 
Zoolog7 at all, but I suspect that these students get nothing 
out of anything. 

How could zoology be improved? 

Some general student criticisms arot- 

(i) Less rote learning 

(ii) Open book exams 

(iii) More appealing text with colour plates 

(iv) More field trips 

(v) More work on familiar animals especially man 

(vi) Perfumed air pumped through the laboratory! 

Mason between Examiners and Teachers 

1. Ann ual examiners meetings are held for the discussion of the papers 
as a whole and the spread of results. After this, individual 
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examiners criticisms are given to teachers so that their teaching 
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methods can be improved and mis conceptions can be ironed out. 
Comments are also available on the general standard of the 
practical books collected as a sample, 

2, Teachers have a say in what alterations should be made to the 
course content. So far, this has been done in a very minor 
way. If the examiner took notice of every suggested deletion, 
the course would read "Zoology is the study of animals ” and 
some wouldn f t be sure of that, 

3# Vacation schools have been planned but haven’t eventuated 
through no fault of the examiners, 

4, Evening classes are held in higher levels of Zoology at the 
University to give teachers and others an opportunity to get 
a degree and more knowledge, 

5m Members of the University staff inspect laboratories and give 
general advice, 

6, Teaching materials are lent by the University to responsible 
teachers e,g. sampling apparatus, collecting materials etc, 

7* University staff visit country centres demonstrating suitable 
methods for particular parts of the course. 

The University is keen to perpetuate Zoology and it is the fault of 
the teachers if they do not make use of the help available to them. 
The Future of Zoology in Queensland 

Zoology as such will continue indefinitely in Queensland, As 
I have already suggested, teacher and student numbers will drop due to 



the effect of B,S,C.S, The recommendations of the Radford Committee 



'.will be of considerable interest. Teacher® ,w^l then be able to desigpi 
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their own courses and examine internally, I do not pretend that 
desiring a suitable syllabus will be easy. As a general comment, 
the sort of approach I think is required is*— 

(i) To list the aims of Zoology teaching (this is fairly easy to 
do . ) 

(ii) To suggest the best possible method of attaining these aims 
(not easy at all) 

I believe that the best type of course would be one where the student 
rather than the teacher is active, where students learn from their 
own observations, draw their own conclusions and improve their own 

methods. X do not believe' however, that a teacher can expect every- 

•»^ v, 

*r 

thing from the students, and think that he should feel free to make 
suggestions and throw spanners in the works so long.as this is not too 
often or too obvious. 

Both Zoology and B.S.C.3. in Queensland are good courses in their 
own right but will be good only if they are taught by dedicated, 
enthusiastic teachers , 
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Senior Candirlates ('000) 



AN EVALUATION OP TOE PILOT COURSE 



IN IJSAVPT& HUMAN BIOLOGY W W,A, 



N, Katavatis. 



I wish to point out that the statements I make are not my own 
ideas entirely, hut the ideas of the teachers actually teaching 
this subject. 1 prepared a 25 item, 3 page questionnaire which I 
sent off to 26 people. Seventeen of these were returned fully 
completed, T his was an excellent response considering that only 
about a dozen or so schools are participating in our "pilot 
course". At this rate I feel I am able to speak on behalf of the 
Human Biology* teachers of Western Australia. 

1 will attempt to elucidate on this course and assess the strength 
and weaknesses of Human Biology as currently given in W.A, 

Therefore , this talk will be divided into four parts - 

1, The origin and brief history of the course, 

2, The strengths and weaknesses of the course, 

3, Teacher training for this course, 

A, Summary, 

The origin and brief history. 

In the latter part of 1968, Professor .Allbrook initiated 
the Human Biology course, by preparing a syllabus for the Public 
Ibcaminations Board of W,A. and the P,E,B, in turn authorized the 
holding of an examination at Leaving level in 1970 for those schools 
wishing to partloipate as "pilot schools^. The subject was offered 
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as an alternative to Leaving Physiology and Hygiene (p, & H. is not 
a matriculation subject.) An in-service course was arranged by the 
Adult Education people for January, 1969 * and in due course a copy 
of the syllabus and an invitation to the in— service course was sent 
out to all secondary schools* 

The first in-service conference was fairly well attended and 
apparently guite successful. However, the outcome was that only 9 
government schools and a few independent schools decided to participate 
and commenced teaching Human Biology at sub— Leaving level. Now in 
1 970* the pilot schools have Leaving classes, and so the first Leaving 
Human Biology exam will be conducted at the end of this year, 

TJnf ortunately , the total number of students that will be sitting is 
small, therefore, it is unlilcely that any valid information will 
be obtained with regard to the impact and value of tills course as 
a biological science subject. The implication is that the experimental 
population should have been larger. 

Strengths and weaknesses of the course. 

The teachers involved in this experimental course are very 
enthusiastic. They feel Human Biology is a subject for every student. 
As indicated in the outline, for practical purposes, the course may 
be divided into two parts 

(a) a study of man 

(b) a study of man in his environment, but the whole strength 
of this course lies in its ability to draw these two parts into one. 
Human Biology is a study of men rather than man. 

If a good balance is maintained between these two, the course tends 
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awareness , and to a deeper knowledge of man, of man’s responsibilities 
towards h ims elf, t mrds Ms fellow man and towards his environment. 

This should make for a better world and a better future for the 
human race. The aim of the syllabus is to present the modern concepts 
of man’s interaction .vith his environment and this promotes a modern 
dynamic approach to the study of man. 

The first part of the course includes familiar topics such as the 
chemistry of living matter, the biology of cells, the structure and 
function of the organs, genetics and the life cycle of man. These 
topics involve a fiarly detailed study of the anatomy and physiology 
of man. Thus, physiology is a maj r part of this course and is 
designed to enlighten young people, to give them a broad, sound knowledge 
of the human body. This part of the course facilitates communication in 
adult life | 

an understanding of reproduction, embryonic development, childbirth, 
indeed a scientific approach to sex education within the context of 
the course | 

an appreciation of the changes which occur in growth , from birth to 
adulthood — both physical and psychological j Puberty changes and 
the problems of adolescencej 

a responsible understanding of individual differences and sex 
differences j 

an appreciation of future achievements in medical science , 

People in this modern age are still very naive about the 
mechanisms of their own bodies. Thus, the importance of the study of man 
cannot be overstressed, 

includes the following topics and 

17 
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The second part of the course 
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these have been numbered according to the syllabus, 

(6) The origins of man. 

To develop this topic an absorbing study of the Primates has been 
included. This constitutes a fascinating study* hitherto completely 
neglected in schools. Briefly the primates are classified and then 
specific examples are taken and studied for their physical and simple 
behavioural characteristics. 

Generally such headings as Location, Locomotion, Anatomical Features 
(e.g. Brain size, hand shape and relative limb size). Adaptation, 
Feeding Habits and Social Behaviour are used. 

In the classroom, reference books, magazine articles, 16 mm films 
and 35 mm coloured slides are used to introduce this work. 

Then for field work the specimens at the Zoo are studied. 

Individual behaviour and social patterns are observed. This work is 
closely supervised and follows the observational methods recommended 
by the Director of the Zoo, Mr, Spence, who is a primatolo ( p.st of note. 
Also, the study of ’'fossil man" is included in this topic. This 
constitutes an absorbing and fascinating study for both the teacher 



and the student. The other topics are 

(7) Variations between men. 



(8) Seientifiio study of man's ecology. 

(9) Mental, bodily and community health. 






The former two may be considered by some as Social Studies topics, 
but the scientific treatment of them certainly brings them within the 
scope of this course. 

These topics will help the student's "out of school" life, by 
the fact that he will develop better attitudes and values, a far 
better understanding of peoples of the world and knowledge of man's 
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place in his environment . Topical issues, such as conservation, water 
and air pollution, birth control, abortion, promiscuous behaviour, drugs 
and alcohol, smoking, racial problems are all relevant and important 
to this course* The consequence of such studies is that the student is 
beginning to take a voluntary interest in T.V. programmes and newspaper 
reports relating to these subjects. Some English teachers have even 
reported that English egression has improved amongst those students 
who are doing Human Biology, 

The syllabus covers most aspects of Human Biology, It indicates that 
most sections may be taught at an elementary level, without going into too 
much depth at ary one print and that there is scope for a teacher to 
increase the depth to which any given topic is taken. Prom the teachers 1 
point of view the syllabus is too extensive. There is a certain vagueness 
of terms which may lead a teacher to devote too much time to a particular 
topic, at the expense of other more basic topics. No doubt, this 
difficulty will be overcome in time. However, at this time, the teachers 
of Human Biology do need direction and guidance as to v/hlch aspects 
of the course are basic and therefore require greater attention. This 
could follow the pattern of the "web of life" course which clearly 
indicates the basic topics. But, on the other hand, too much direction 
maybe a definite hindrance to the development of this subject, which 
arouses one l s enthusiasm, by virtue of its vast scope and possibilities 
as a subject which catches the interest of students of all levels of 
intellectual ability and curiosity, Further, the syllabus states that "In 
general the opportunity is given for students to use the scientific methods 
of observation and deducation even if they are not 'scientists 1 ", As a 
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matter of fact it may ”00 better to play down the study of scientific 
methods and laboratory techniques in Human Biology. 

Of general interest to all science teachers is the question of 
whether all science courses should be geared to the study of 
scientific method. Should every branch of science have the philosophy 
of science or the logic of science as one of its major aims? Maybe 
it should be reserved for physics and chemistry which are pure sciences 
and pre-requisites for the biological or applied sciences* or maybe 
scientific method should be taught to the brighter students only as 
a separate subject which may encompass the science subjects they 
may be studying. Too much emphasis on scientific method is apt to 
da mpen the enthusiasm of the weaker student for any science course. 

The major weakness of the Human Biology course is that there 
is not enough time to develop it to the extent necessary to make 
the students of today well-educated, adaptable, tolerant citizens 
of tomorro?/ as well as giving them the necessary detail on the 
physiology of their own bodies. 



Teacher Training 

Two conferences have been conducted by the Adult Education 
Board, These were very successful. The background information supplied 



was valuable , Ihere was a certain reluctance on the part of the 
lecturers to state precisely what is required at this level, 

Regular meetings are held. These are useful for comparing 
approaches and progress made, A sub— committee has been set up to 



assist the chief examiner in making up sui table examination questions. 




of the satisfying outcomes of these meetings is the fact that the 




Public Examinations Board has been persuaded to depart from the 
traditional method of assessing candidates by a solitary three hour 
exam. It has agreed to allow the teachers to assess W3& of the 
candidates 1 Leaving Examination mark. 

It is inevitable that teachers of any new subject will complain 
and criticise, and teachers of Human Biology are no exception. 

Certainly teachers in the ,! pilot schools i! have complains and teachers 
who take this subject for the first time in the future will complain 
about many things i 

lack of assistance and guidance 

shortage of equipment, teaching aids etc, 

inaccessibility of places to visit - zoo, museum etc, 

the absence of on© text book to cover the whole course (it is far 

better to use the library extensively than to rely on one text 

book, ) 

But surely the hallmark of a good teacher is his willingness to 
take up the challenge of a new syllabus, such as this one - to prepare 
materials, to attend meetings and conferences, to exchange materials 
cmd ideas with others. These efforts can only result in a feeling 
of achievement. And of course, there is always the possibility that 
some of this zeal and industry may be reflected in his students T work. 



Briefly, an attempt has been made to evaluate Human Biology 
from the teachers * viewpoint. It is a rewarding and worthwhile 
subject. It is an education for a new modem society. It is a subject 
of the utmost importance, especially at a time when the whole world is 



m 



stirring and awakening to the danger of allowing our environment 
to he polluted at, what the experts call, a terrifying rate. And 
pollution is not our only problem. There are many problems which 
need immediate attention if man is to survive on this earth. 
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SECTION IV 



BACKGROUND PAPERS 



. Modern ‘biology ■teaching techniques, in common with those 
of the other science disciplines, emphasize discussion methods 
and laboratory experience,, In addition, much attention is 
given to the nature of the inquiry processes in science. To 
assist conference members in their discussions , "background 
papers reviewing the current literature on the topics were 
commissioned by the organising committee. These papers were 
not formally read, but ware distributed at the commencement 
of the conference for participants 1 information. 

The major conclusion , that can he drawn from these reviews 
is that "more research is needed” i there is no consistent 
evidence that the use of the laboratory or many of the "inquiry 
techniques" results in students attaining the abilities that the 
techniques are designed to give, and little of the evidence 
available on the use of discussion as a teaching technique has 
been obtained from the school classrooms. 

Some of the ambiguity is a result of poor experimental 
design, but even in the best designed studies it is extremely 
difficult to control all extraneous variables when comparing two 
or more teaching techniques. This problem is referred to by 
both AtW.nson and Johnson, 

A second common difficulty faced when reading the research 
literature is mentioned by Lucas t the imprecise terminology makes 
it difficult to compare different studies. One man's "discovery 
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learning" is another's "guided-discovery" or, even, "inquiiy 
training" « 

A third important difficulty that occurs when .reading the, results 
of educational experiments is one of general! zability : is it valid 

to extrapolate the results of a well- controlled, reproducible ■ study 
concerning, say, the worth of laboratory instruction in senior 
high school chemistry in the United States to a junior secondary 
school biology class in Tasmania when the cultural background, V 
educational system and the pupils * stage of concept development 
may all differ? These limitations need to be kept in mind when 
the three reviews are read. 

Although there are only a few immediately applicable 
conclusions that can be drawn from these reviews, they are a useful 
summary of the current, research and will dispel many of the glib 
assumptions often made when teaching techniques are discussed. 



THE VALUE OF LABORATORY WORK TO THE TEACHING- OF 3 CESNCE 



IN GENERAL AND '' BIOLOGY IN PARTICULAR - A LITERATURE 

REVIEW . 

JOfflJ M, ATKINSON 

"The laboratory is where the work of science is done, 
where its spirit lives within the persons who work \' n 

if “ - 

■n, 

there, where its methods are transmitted from one 
generation to the next, One does not really learn 
soienoe from books j one learns soienoe ■ by asking nature 
the right questions. And the laboratory is the place 
where one learns most readily what questions can be 
asked fruitfully, and how they must be put* It is where 
one learns why science insists on precise measurements, 
accurate observations, and conciseness and clarity in 
communication * 11 

This statement by Bentley Glass (9) is representative of the view 
taken by most recent and current writers about the place of the laboratory 
in the teaching of the sciences. Authors of science method texts ( 10 , 21 , 
28,29,32,33) place strong emphasis upon the importance of laboratory 
activity for the attainment of generally-agreed objectives of soienoe 
teaching, and those responsible for the "avalanche" of contemporary 
science curriculum projects base their courses heavily upon assumptions 
of educational benefits accruing from such activity. 
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Information about the history of laboratory usage in Australian 
science courses appears to be scarce , but it can fairly safely be 
assumed that it has reasonably paralleled the situation in the UsSsA, 

This has been described by Hurd (ll). 

In the U.8., laboratory work was sometimes included in those science 
courses that existed in the 18th and 19th Centuries, but it was not until 
the latter part of the 1 9th Century that the laboratory really came into 
prominence . The growth in the use of the laboratory at this time stemmed 
largely from the "mental discipline" theory of psychological development, 
by which laboratory work was seen as providing excellent training in 
observation, will-power and memory. (11, p« 18). Laboratory work in 
the biological sciences concentrated on morphology, whilst in the physical 
soisnoes students performed "experiments" which purported to "verify" the 
laws of physios and chemistry. (Sund and Trowbridge (32), p.90, note 
that nearly fifty par cent of the one hundred or more exercises in 
physios and chemistry which were prescribed in 1886 by Harvard University 
for performance by intending entrants were still retained in the courses 
of study of secondary schools sixty years later) . 

During the decades that followed intermittent recommendations for 
a more truly experimental approach to the study of the sciences came 
from individuals and committees. Despite these suggestions, the biology 
curriculum committees which sprang into existence in the U.S. following 
public recognition of the technological advances of the UoS.S.Re (as 
evidenced by the launching of the "Sputniks" in the fifties) still found 
passive observation of dead organisms typical of laboratory work in the 
subject. 



O 




175 



In Australian schools , until the last few years (and right up to 
the present in some cases) laboratory work was commonly isolated out from 
the rest of the course in any science as "practical work" , often bearing 
little or no relationship to the "theory" currently being studied,, 

In the last decade or so science educators in many countries have 
adopted courses with major objectives in both "content" and "process" 

'4 s 

dimensions . In an effort to grapple with the educational problems 
occasioned by the vast expansion of scientific knowledge and the rapidity 
with whioh this knowledge changes, attempts have been made to identify 
the fundamental principles which form the underlying conceptual framework 
of the sciences, and to base content upon these principles. There has 
also been a recognition that to cope with the impermanence of the 
present state of scientific knowledge the student must have a real under- 
standing of the ways in which scientific knowledge is acquired and 
modified - that is, of the methodologies of the scientist. Thus the 
present trend is towards an "inquiiy" approach centred on the laboratory, 
on the assumption that the student will most readily come to an under- 
standing of the processes of science by "soiencing" himself. 

In attempting to evaluate the importance of laboratory work to the 
attainment of science teaching objectives there are many questions one 
might ask. Some are: 

1 , Is laboratory work in itself essential for achieving certain objectives? 

2, Is laboratory work the most appropriate way of providing experiences 
essential to the attainment of certain objectives? 

3# 'What type(s) of laboratory work is/are most effective in achieving 
desired outcomes? 
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There are two ways in which one can attempt to answer such questions. 
The first is by reasoned argument based upon a combination of experience 
and intuition, and much of the present rationale for laboratory work 
rests upon such a basis. The argument for laboratory work as a means 
of familiarising the student with the process of science has been outlined 
above. Claims which can be argued for laboratory work include the 
following' 

(i) Science is observational and experimental - science courses should 
reflect this, 

(ii) Laboratory work is a major source of motivation for the student, 

(iii) Laboratory manipulative skills can only be learnt by actually 
practising them, 

(iv) Laboratory work enables the student to bridge the gap between 
abstraction and physical reality, 

(v) Concepts are developed to greater depth as a result of laboratory 
work. 

The scientist in each of us recognises the part played by experience 
and intuition in problem solving, but looks for more concrete evidence 
before even tentatively accepting or rejecting a proposition. 

The second way of looking for answers to our questions about 
laboratory work than is to examine research evidence. At first sight 
this would appear to be the most likely approach, but to date it has not 
been highly successful in providing firm answers. As will become 
apparent, the difficulties of research in such an area are considerable, 
and research has been limited. 
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Remarking on the trend to make laboratory experlenoes central to 
instructional procedures in science, Ramsay and Howe (2”/) point out 
that "direct research on what these experiences should be, how they 
should be organised, and where they function best, is indeed meagre* 11 
Comments of a similar nature appear in practically every available 
ravia?; of research in this area, and in many research papers themselves, 
Furthermore , some of the most defensible research on this topic 
has been carried out at tertiary lovely and the applicability of the 
findings of these studies to science teaching in the secondary school 
is open to question in terms of stages of intellectual development, 

Bradley (3) has attempted to review the research evidence in- 
order to make recommendations concerning the necessity or otherwise of 
including laboratory work in general education science courses at the 
college level. He reports an earlier survey by Cunningham (6) of 
thirty— four studies in the period 1 930 - 2+6 and suggests (p, & 0 ) that the 
results of these investigations "justify the view that individual 
lab oratory method does perhaps develop laboratory resourcefulness and 
manipulation of laboratory materials better than the lecture— demonstration 
method," The fact that this is all he could conclude is a little 
disturbing, to say the least, 

Bradley goes on to critically examine six studies (2,12,13,16,34., 

35) concerned with the lecture -demonstration vs* individual laboratory 
method variable, four at college level, two at high— school level. 

Each of the six investigators concluded that the laboratory method 
was superior in one or more respects; scientific attitudes and certain 
abilities in problem solving for general education in biology ( 2) j 
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instrumental situation, single measuring techniques and problems 
involving apparatus (16); long-range comprehension for high-ability 
students (34); exercise of individual differences (12); knowledge 
and method of handling new problems (15) I laboratory manipulative 
and comprehension sld-lls (35)- 

Likewise, each investigator concluded that the lecture- 
damonstration method has advantages, particularly in regard to low 
level cognitive performance such as recall of information* 

-Again, most reports contained conclusions contending that students 
achieve equally wall on criterion tests of various kinds irrespective 



of treatment . 




Bradley suggests (3, p« 65) that 

"although most of the data seems valid, the diversity of 
findings appears to oast some doubt on the validity of the 
tasts, the adequacy of controls of such factors as instructor 
conditions, the use of small unrepresentative groups and no 
retrial of experiments. There also seems to be no standard 
lecture-demonstration or laboratory method. The conclusions 
reached by the various studies offer support for both methods 
and are scarcely definitive." 

His final conclusions (p. 66 are as follows;. 

" (1 ) No one method can be considered superior in all 

cases. The objectives of science teaching, the 
ability level of the students, and the facilities 
available should largely determine the method used. 
(2) Where cost per student is a major concern, the 
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lecture-demonstration method good..} to offer the host 
/advantages , 

(2) The problems of the lecture - demonstration method vsrous 
some kind of laboratory method still seem unsolved and 
as complex as ever. It appears that there shoule be more 
careful experimentation involving careful control of non— 
experimental factors. More reliable testing is needed 
before any definitive answer can be given,'* 

In a study involving twenty biology classes (randomly selected 
from four senior high schools) anti sixteen teachers, Sorenson (31 ) 
investigated the change in critical thinking (as measured on a number 
of well-known published tests) in students studying two of the BSCS 
Laboratory Blocks by a laboratory-centred method or, alternatively, 
a lecture— demonstration method,, He found sigiificant gains in 
critical thinking, unders tending of science and dogmatism (or, 
rather, the avoidance of it*) in the laboratory-centred group, 
but no significant change in the lecture-demonstration group, 

Atkin and Burnett (1 ) in a review of science education refer to 
the work of Kruglok in a number of investigations into the results 
of instruction in college physics employing individual laboratory 
v;ork, demonstrations, or neither (14- — 19). Atkin and Burnett 
comment on the excellence of Kruglak's research designs and suggest 
(p , 11 97 ) that 

"the fact that, as a whole, little difference in learning 
(except for laboratory skills) seems to result from the 
instructional approaches used may only indicate the 
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complexity of research into methodology and the probable 
existence of multiple and uncontrolled var±ables. ,, 

In view of the current emphasis on the '’process" approach to 
science teaching and the accompanying tendency to view the laboratory 
as the place where the student may most naturally be introduced 
to the ejjqperimental method of problem solving, it is not surprising 
to find that a number of recent studies have attempted to 
investigate the outcomes of different types of laboratory experiences, 
Ramsay and Howe (27, p. ?6) comment that studies by Charen (if), 
Rainey (26), Mark (23), Marin (22) and Lermek (2g) lend support to 
the trend to provide "open-ended” laboratory activities in that they 
indicate that '’students can take a more active part in formulating 
their esqporimentnl procedures without suffering any major 
consequences in terms of achievement. 11 

A study by Montague (25), comparing nine experimental groups of 
college freshmen chemistry students exp erlenclng open-ended experiments 
with nine control groups exp e rie no. ing the customary laboratory manual 
experiments over a period of ten weeks, found the uxp erimental group 
to perform significantly better in tests of both problem-solving in 
a laboratory situation and critical thinking about everyday problems. 
There have been many studies of this kind in the area of biology. 
Mason (24) investigating the relative effectiveness of a "soientific- 
thinking method” and a descriptive method of teaching biology, found 
that the laboratories of the two methods were equally effective with 
respect to the aequsition of factual information and the development 
of scientific attitudes, hut the scientific-method approach was more 
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effective in teaching certain abilities associated with scientific 
thinking. 

In another study Schcflcr (50) compared an inductive laboratory 
approach to the teaching of genetics to freshmen biology students with 
a traditional lecture end illustrative laboratory approach. There 
wore two experimental classes and two control classes. Each of the 
two instructors involved took one experimental class and one control 
class. In none of the measures employed (knowledge of genetics, 
understanding of science methodology, interest in and attitudes to 
science) was there a significant difference between the gains of the 
two groups. The fact that regardless of method, the students of 
one instructor performed better than those of the other instructor 
on the test of subject matter points again to the difficulty of 
controlling the teacher variable in studies of this nature. 

Coulter (5) has carried out a study employing two modes of 
laboratory work in comparison with one mode of demonstration in ninth 
grade biology. An inductive laboratory group designed, carried- out 
and interpreted their own problem-solving experimental an inductive 
demons tration group was treated similarly with the exception that 
the teacher performed as demonstrations the student-designed 
experiments j a deductive laboratory group was ’’taught" a principle 
or generalisation by the teacher, then given a designed activity 
to substantiate or check it. All groups were taken by the one 
instructor and used the some course of study. Coulter reported 
no significant differences between groups other than that "students 
who performed experiments were more positive in their reaction towards 
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instruction than those who wat oiled demonstrations " and that there 
was "some Indication of th© indue—! ve approach being more conducive 
to teaching aspects of scientific inquiry," 

A recent investigation by Yager (36) attempted to control 
some of the variables which in past studies appeared not to have 
been Adequately controlled, A laboratory group of Grade 8 students 
performed fifty of fifty seven laboratory exercises in the BSCS 
Blue Version individually or in groups. In the '’demonstration 
group" only on© experimental set-up was employed for each exercise, 
th© experiment being performed by either the teacher or selected 
students, (The teacher, however, sometimes supplied conflicting data 
for discussion), A discussion group did not observe or perform 
any of the exorcises but discussed all of them as "second hand data. 

All groups employed an inquiry approach and were similarly 
treated with respect to factors such as class period times and lengths, 
tests, lesson format, unit sequence, etc. The three teachers involved 
were rotated between groups about every four weeks ■ [ such a 

strategem has little effect on the outcomes of instruction (?) ] 
and are described as markedly sumilar in background, philosophy 
and technique. 

No significant differences were found in any dependent variable 
other than laboratory skills. 

The fo ll owing comments which were made by the investigators 
in discussing the results of the study are quoted at some length 
as they may be of considerable significance, 
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"This study suggests that one should be cautious about 
Insisting on laboratory facilities .and materials with the 
idea that these will insure desired outcomes or even a "good" 
science program. , » This is not to say that all laboratories 
should be abandoned.,. In fact,, (for) some teachers (if not 
inos-^, « . it may be easier to approach biology as inquiry with 
actual work in the lob oratory by all students., , 

"The results of this study indicate that desirable outcomes 
result in a science class even though the laboratory is limited. 
If these results were verified with _som e m. mllar experiments, 

[ my emphasis] the implications with all of the so— called 
newer approaches to secondary science would be open to some 
question since all utilize the laboratory as a central 
activity for in di vidual students. Perhaps instead of an 
emphasis upon the laboratory per so there should be an 
emphasis upon the very nature of the scientific enterprise 
’which could or could not include the frequent use of the 
laboratory for every student,, , 



"This study also suggests that science curriculum workers might 
well devote some time and effort to the structuring of some new 
courses that would deempliasize the laboratory, Por certain 
students a verbal (nonlaboratory) approach may be the best means 



of stimulating them to understand and to appreciate science. 



Some students (especially at advanced levels) may find the 




laboratory to be a waste of time and merely a means of slowing 
their pursuit of new theories and concepts. The laboratory 
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certainly should not discourage creative v/ork in science. 
Yager at al, appear to have conducted their investigation with 
considerable sophistication. It must be rembered, however, that this 
was but one study involving only sixty students and three teachers, 
and in one school - a very limited sample on which to base major 
decisions. Furthermore, as in virtually all of the studies which 
have been considered, immediate outcomes have been the only ones 
Investigated* It would seem not Improbably that the use of the 
laboratory could have long-term implications. Again, students in 
all these studies will be affected by their previous experiences. 
Students in control groups will, in practically all oases, have 
had previous exposure to laboratory activities and this may well 
affect the results of the investigations, even when outcomes are 
measured in terms of gains over the duration of the study. 

An investigation which may be significant and which will 
certainly b@ popular with ant i-vl vise ctionists is that of Fowler 
and Brosius (8) in which the effects of various immediate outcomes 
of performing' (a diverse series of four) dissections compared with 
viewing films of the dissections wore studied. No significant 
difference between treatments was found on tests of understanding 
science, science attitudes and even manipulative skills. The film 
group was superior on tests of factual knowledge and problem— solving. 
As the published report lacked adequate details of procedure or 
statistical data, the reliability of tills study cannot be assessed. 
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Atkin and Burnett (1 , p, 119?) summarise the research position 



as follows: 

"It is probably that well over 100 studies have been made which 
attempt to compare the results of lecture demons trationts with 
those of individual laboratory work* . . host have found no 
significant difference,© in terms of the instruments and .measures 
usedj some have shown a superiority of the lecture demonstration 
te chniouo , and some have shown individual laboratory work to be 
superior. Why there have been such variations in results is 
an open question. It is' clear that many of these studios have 
been poorly designed. It is equally clear that the instruments 
and evaluative techniques employed have varied in nature and 
reliability, as well as in what was assessed and with what 
emphasis. In any event, these studies have left us v» it a little 
light on the possible superiority of one method over the other 



even in terms of clearly specified instructional objectives." 
It is apparent, then, that research can provide no definite 
answers at present to questions like those raised earlier in this 



paper. Although a figure of "well over 100 studies" may appear 
considerable, these investigations have been diverse in kind and' 
limited in scope j many are of questionable validity and there has 
been virtually no attempt at replication of results. The difficulties 
of research of this nature appear thourghout this paper - ensuring 
control of all extraneous variables, developing valid and reliable 
criterion tests, obtaining suf.fi ciently broad samples of data and 
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establishing replicability are all serious problems confronting 
the investigators 

in relation to the questions raised the evidence available 
would appear to suggest tentatively that; 

1 , Laboratory work may be essential to the attainment of only 
relatively minor objectives such as laboratory manipulative 
skills « 

2, Nevertheless, laboratory work may for many teachers and many 
students be the most satisfactuiy way of achieving certain 
major process goals of science teaching, 

3, Laboratory activities which embody an open-ended inquiry 
approach may be more approoriate for attaining process goals 
and appear no less effective in the achievement of content 
objectives than more traditional forms of laboratory work. 

In the face of the inconclusive nature of the evidence available, 
it may be that it is not so much the type of classroom activity, 
in itself, which is the dominant factor in determining educational 
outcomes. Bather, it could be the nature of the teacher— student 
interaction, the kinds of experiences which students have within 
the framework of the class activities provided, which is the vital 
ingredient. 
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DISCUSSION m TEACHING- BIOLOGY 



B. 5 JOHNSON 



There has been an increase in awareness of the importance 
of discussion techniques in education over the last few years* A 
considerable .amount of research has been conducted on discussion 
groups but most of this has been directed towards adult groups* 

There appear to have been relatively few research papers published 
on the use of group discussion in universities and schools and 
pathetically few on its use In teaching biology. 

Most recent research into discussion group dynamics and 
outcomes has had its origin in the need to solve leadership 
problems and the attempt to break new ground in psychiatric 
therapy* But despite the relevance of much of this work to 
education there has been relatively little carry over its results 
and implications Into research in the classroom situation* A number 
of the more important books and articles dealing with esqjeriences , 
experiments and methods for discussion groups generally are given 
in the bibliography. 

The research cn group dynamics will oh has the greatest relevance 
to education is perhaps that conducted on the "T% or training groups 
developed by the National Training Laboratory in America* The 
”T Group” is a face-to-face group set up to aid its members to learn 
about social phenomena by analysing what is taking place In the 
group* The groups have no leader, rules or agenda and they ala to 
Influence the attitudes and behaviour of their members in a number 
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of ways : by increasing awareness of their own feelings and 
of the feelings of others j by becoming more aware of the 
complexity of the communication process | and by generally 
increasing interpersonal competence. 

The innovators of the ”T Group 1 ' recognised the overlap 
in the values of science and successful social relationships and 
among their objectives they list three of the basic qualities of 
science* the obligation to face all of tlio facts Involved in a 
problem and its solution? objectivity toward the collection and 
treatment of data ; and the obligation to collaborate with other 
investigators in the pursuit of truth, !, T Groups” appear to have 
had considerable success in achieving their aims and their use has 
increased greatly over the last few years, An account of "T Group” 
theory and research is given in Bradford et al , (8), 

The extensive use of discussion methods in the BSCS course 
was a deliberate decision reflecting the aims of the course. These 
are c oncemed primarily with the aquisition by the students of 
attitudes and intellectual skills rather than with learning a large 
amount of factual information about biology. It has been shown 
repeatedly that attitudes and intellectual skills are aquired more 
effectively in group discussion than by other pedagogic methods, 
Asking and answering questions is a process which begins 
early in life and continues for as long as intellectual life 
continues. From it develops the give and take of conversation and 
the more organised discussion, Any process which results in 
questions being asked, particularly unexpected ones, rather than 
^.mply stating faots, was found by Berlyne (6) to result in 
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improved learning and increased interest in the topic. Inhelder 
and Piaget (12) "believed that in order to teach others to reason 
logically it is indispensable that there should "be established 
between students and teachers "those simultaneous relationships 
which characterise the co-ordination of viewpoints." 

Beard et al. (5) believe that discussion is one of the 
most educative processes since it enables students to analyse 
differences in views and opinions and leads them to revise their 
position, and to Integrate what they learn with what they already 
know. It contributes to the development of new c oncepts from 
already familiar ones and from those imperfectly understood 
from reading. 

In a comparison of the effectiveness of a lecture demonstration 
teaching period with a problem solving discussion procedure in a 
college science course, Barnard (3) found that the discussion 
method proved superior on measures of problem solving and 
scientific attitude, whereas the lecture method proved superior 
on a test of specif io information. On the other hand Dawson (9) 
found the two methods to be equally effective in * 
courses in elementary science as measured by a test of recall of 
specific information but the discussion method gave significantly 
superior results on tests of problem solving abilities. 

Barnett (^*) found that discussion group activity led to increased 
critical thinW,ng and also had an influence on the behaviour of 
some members of the class in becoming less aggressive. He 
suggested that an admixture of free discussion can improve the 
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effectiveness of other types of teaching "by clarifying the 
thought of students and enabling thorn to unravel confusions. 

In & very readable and important hook Abercrombie (1 ) argues 
the importance and traces the origin of some of the unconscious 
preconceptions which influence judgement and decisions and which 
can be ejqposod by discussion methods* She gives an account 
of a series of experiments in free group discussion and its 
use in the training of medical students. Discussion group 
participation led to the clarification of ideas and the development 
of more critical attitudes. This resulted in the students 
performing significantly better in situations where they were called 
upon to interpret and analyse information placed before them. 

In a recent study of school children comparing the effective- 
ness of reading and discussion in addition to classroom 
instruction, Fisher (10) found that students* attitudes towards 
a socially deprived sector of the comuiiunity were changed most 
effectively when discussion methods ware used. 

Discussion methods not only appear to be more effective in 
influencing attitudes but they are also preferred by students „„s a 

teaching experience, Hallworth (11) found that although attainment 

: 

gains were similar among discussion and control groups, children 
in discussion groups enjoyed the work more and their attitudes 
to the subject studied improved signifloantly more than did the 
controls. The children also learnt to co-operate better with one 
another and th© number of isolates in the class fell markedly. 
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Rasmussen ('U|.) also found that students using group discussion 
methods found their course more interesting and "believed they 
had learnt more and that it would "be of were practical use to 
them, although when compared with controls who did not use 
discussions, no significant differences were found in the amounts 
learnt. In a survey of university students Stones (16) found 
that there was a clear— out preference among them for the discussion 
•type of teaching situation, 

A good deal of work has been done on group dynamics and the 
optimum conditions for conducting group discussions. The optimum 
size of groups for the most effective discussion appears to be between 
seven and niiiej a smaller number than seven limits the resources 
of the group too drastically, while a larger number does not allow 
for sufficient active participation by each member and maty 1 members 
tend to become shy in larger groups, 

Steinzor (15), Abercrombie (1) and others have stressed the 
importance of the spatial factor in group work. It is important 
for members of the group to be seated in a circular pattern so that 
each member is able to see every other member. Furthermore, the 
actual position in the group of people with different personalities 
can have a marked effect on the nature and degree of their contribution 
to the discussion. People sitting opposite ea,ch other tend to inter- 
act more with each other than with those on each side of them. 

Steinzor suggests that reticent members should therefore be placed 
opposite talkative ones and monopolists should be seated in adjacent 
O positions# 

eric: 




Group discussion can be conducted with or' without a tutor 
or teacher being present* If the teacher is present he must be 
careful not to dominate the discuss ion. Teachers generally tend 
not only to hold the floor too much when they are leading groups 
but they may also inhibit the students from participating fully * 

If the group is run in the absence of a teacher the purpose of 
the discussion must be well established and adequately under- 
stood by the participants. Unless the participants can see a clear 
purpose in the discussion there is a tendency for interest to 
wander and participation to be desultory* Powell and Jackson ("1 3) 
analysed a series of recorded lenderless meetings of \lnlversity 
students and showed that interaction was vigorous and animated 
and there were remarkably few instances of factual mistakes being 
allowed to pass unoorrected. The students enjoyed working in this 
way and claimed that their understanding of the subject matter was 
notably improved by corapari.son with most conventional tutorials , 

But us Powell and Jackson point out it is quite useless to assign 
students to groups and simply tell them to discuss. Careful 
preparation is absolutely essential* 

There is no doubt that discussion in small groups can be very 
time consuming and may appear to be wasteful. A group discussing a 
topic with inadequate factual knowledge may generate heat hut not 
add much in the way of light. But if it leads the members to 
realize their ignorance and search for the needed information, some- 
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■thing will have been accomplished, and students certainly need to 
be trained to settle arguments by looking up information in books 
instead of just talking. 

For influencing attitudes and subsequent behaviour discussion 
groups tend to be more effective than other teaching methods. But 
it must be remembered that a badly organised group can be both 
frustrating and a waste of time as surely as can a bad lecture 
[see Bloom (?)] * Students, on the other hand, enjoy group methods 
and think they learn more this way than by other methods and they 
she w more interest in their work and become more deeply involved 
in it. As learning is best achieved when teaching methods arouse 
most interest and most activity on the part of the learner, one 
would expect more effective learning when discussion methods are 
used. That this is not always apparent when different teaching 
methods are compared, does not mean that this is not so, it may 
merely mean that our evaluation methods are inadequate. It is 
notoriously difficult, as Williams (17) has shown, to control 
all variables and obtain a valid comparison of different tenoning - 
methods . ' 

As the accumulation of scientific taiowledge continues it 
becomes more and more apparent that the aquisition of any particular 
knowledge is an insufficient definition of education. Bather, the 
major residue of anyone’s formal education; may well be taken to be 
the attitudes and habits of inquiry and learning he has developed. 

We need to know much more clearly than we do at present just 
how it is that people learn how to learn and how learning experiences 
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exert their effect on subsequent’., growth and development* There 
is little doubt however, that discussion can play a very useful 
and productive role in the educative process* 
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RESEARCH ON " 33TQUIB.Y" , 

WITH PARTICULAR REJERJITOE TO BIOLOG-Y _^ACH3N& 



A. H a LUCAS 



p,ap or describes the uses that are made of "the term 
"inquiry” In the science education literature , examines the way 
" inquiry teaching" is used in biology courses, looks at the 
research on "inquiry teaching" and finally discusses Invitati ons 
to Inquiry in relation to these studies. 



V'HAT IS "PIQUIRY"? 

Arnold Grobman, (12) who served as director of the Biological 



Sciences Curriculum Study (B.S.C.S.) from 1 959 until 19^5* defines 
"inquiry" as "the processes of science which constitute the key to 
its success. It consists of the techniques of asking questions 
of nature and of evaluating the replies , " (p , 291 ) . But this is 



not the only use of the term. Rutherford (21 ) points out that 
it is necessary to make a distinction between "inquiry as it 
appears in the scientific enterprise" and "lasing the method of 
scientific inquiry to learn some science, * 

Most of the "new curricula" in science have used inquiry in 
the first of Rutherford's senses. In some courses students are 
expected to 




"inquire into inquiry" , since by doing this the learner 
becomes aware of what he knows, how he knows it and how 
to go about acquiring new Imowledge for himself . In 



effect, inquiry training shifts the learner from a 
consumer of knowledge toward being a producer-consumer (9) 
Schwab (2j), in his introduction to the Invitations to Equiry 
published by the BSCS, makes it clear that his purpose in teaching 
science as inquiry is not to "learn some content", but to "under- 
stand enquiry". That is 

to teach science as enquiry moans , firstly, to show 
students how knowledge arises from the interpretation of 
data. It means, second, to show students that the inter- 
pretation of data — indeed, even the search for data — 
proceeds on the basis of concepts and assumptions that 
change as our knowledge grows , It means , third, to 
show students that because these principles and concepts 
©hangs,, knowledge changes too. It means, fourth, to 
show students that, though knowledge changes it changes 
for good reason — because wo know better and know more 
than wo know before (p. 46), 

But it is important to realise that some very imp ortant 
assumptions underlie the current emphasis on "inquiry as it appears 
scientific worlc?'* firstly, it is tacitly assumed that all 
scientists within a given field will use the same methods of 
designing experiments | secondly, it is assumed that there is only 
one logical model of inquiry for all branches of science. These 
are probably not valid a.ssump lions: Connelly ( 5 ) has analysed 

research reports in ecology and identified at least eighteen 
patterns of inquiiy that are used. ,; H A pattern -of enquiry is a 
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process in which principles of enquiry are specified to problem 
areas giving rise to a set of logical conditions for enquiry" (6) 
Connelly (5) identifies four principles common to all biology 



( ante cedent-consequent a structure— function « homeostatls and 
regula tion ) and five problem areas in ecology (classification and 
taxonomy , nutrition and metabolism ^ gene o o logy and distribution) 
giving twenty possible patterns of inquiry. However, no research 
papers were found in the categories home os tails — classif i cation 
and taxonomy and regulati on — classification and taxonomy . He 
points out (5> 6) that statements resulting from work using each 
of the patterns of inquiry are not equivalent in logical status. 

Similarly , when the Implied account of the nature of 
scientific inquiry in the CBA, OHSM Study and PSSC texts is 
analysed in terms of the inquiry systems used in the disciplines 
it is found that 

none of these programmes illustrates the variety of 



principles of inquiry and the effects of choice of such 
principles on the furtherance of inquiry. PSSC also 
misrepresents the character of the body of physical 



knowledge (8)> 

- V; - . ' \ ... • • ‘ 

" - ... • - . • ‘ - : ; : 

A review by Robinson (20) gives a more detailed account of 
the philosophical analyses of the modes of inquiry used in science 
and their implications for science teaching. \ 

If these authors are correct, a science curriculum which 
attempts to show students how science is conducted will fail if 



only one "method of science is considered in the course, Newton 

O also claims that the inquiry approach to teaching is dishonest to 

<IC V. ■ ’ 
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the nature of science since it gives the impression that "science 



is just a way of attacking problems or a method of understanding 
the world" , and neglects the fact that science is also an 
"enormous , impressive, and extremely useful collection of facts 
principles find concepts which, because of the way it brings 
order to the world is both intellectually satisfying and practically 
useful." (1?) 



However, Newton is probably knocking down a straw-man in this 



criticism* few, if any, of the new curricula set out to teach 



philosophy or process of science alone, and they il tee* oh at 
least some of the facts, principles and concepts of science. 
Even in one of the purest forms of Inquiry learning, 5uohman f s 
"inquiry training" technique, the pupil is expected to foimi 



concepts (3) 



"INQUIRY" IN BIOLOGY TEACHING- . 

In common with the other "new" science courses the Biology 



courses developed by the BSCS emphasise laboratory work so that 
students will have the opportunity to undertake inquiry in a 
vj facsoimile of a research situation. One major innovation, the 
Invitations to Inquiry were prepared for use in biology, and 
published by the BSCS in the Biology Teacher *8 Ifahdbook . (23) 




.An invitation is essentially a semi -structured discussion 
based upon a biological problem*, It consists of a series 
of questions to be posed by the teacher and suggests to 
him a variety of responses to be elicited and expected 
from the students, V :: ^;;;;..:?Eh0' ; : ; goni'' : is' to develop skill in 
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probing or searching as a ough intellectual game. (12, p, 291) 



Schwab (23) claims that 

The invitation to Eqnuiry teaches enquiry in two ways. 
First, it poses example after example of the process 
itself. Second it engages the participation of the student 



in the process. Thus for the lest, able student there is 
one channel toward understanding - the Invitations as 
examples of enquiry. For the more able student there 
are two channels — the Invitations as examples of enquiry 
and his own contributions toward, solving the problem each 
one poses, (p, 47# Schwab's emphasis), 

Morgan at al, (16) have prepared Invitations to Inquiry that aro 
integrated into the Australian adaptation of the BSCS materials. 

Their Invitations differ from Schwab's in the way in which they are 
designed as an integral, but not completely essential, part of a 



particular course : Schwab claims his Invitations are "freed from 



dependence on the particular text book the teacher may be using”, 

(23, p. 48) 

Hurry and MacKean (13) have produced Enquiries in Biology 
which was inspired by Schwab's work, but their Enquiries are 
presented in a format that allows students to have individual copies 
of the relevant infbrao,tio‘ni‘ ( Schwab 1 ti format ^ Although designed 
to be read out to a class , can be adapted in this way, and many teachers 
in Australia duplicate the 'relevant .portion of the Australian 



Ihvi'&dtiohs and diehid it out to students, 
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jin oxaminati on of 'the current research literature unf ortuna oely 
bears out Brandwein’s comment that 

there is little cr no valid evidence that instruction and 
practise in the art of* investigation in the dementaiy or 
high school years produces better students, better 
scientists, or better learners, * » . Most p raotitioners 
in teaching merely assume that school science would be 
imp roved if* students learned through investigation, (2), 

One of the problems in assessing the literature is the conflicting 
terminology used by different curriculum development groups. The 
terms " creativity” , "diseovexy" and ’'inquiry”, for example, are 
used by different authors to describe essentially the same teaching 
techniques ( Lucas, unpublished manuscript), Brandwein believes 
that this is due to changes in terms which are in vogue: "too 

often, in education we go from word to \7ord, rather than from work 
to work", (2), 

This survey is mainly concerned with reports claiming to deal 
with "inquiiy" j some reports of research on "discovery learning" 
and "TUidersthhding the scientific enterprise" are included, but 
no special search has been made for such reports. A • " " : ~7 

Byan has shown that elementary schoolteachers can be trained 
to use an inquiry technique in the classroom by a short inservice 
training course. Judging by analyses of the teacher's classroom 
behaviour after the course, the moat ef fe ct ive method of inservice 
training is to focus on the teacher Is behayiour 3 rather than on the 
materials , to be used in classrooms following inquiry methods, . 



A number of reports claim that pupils could be taught to 
understand and/or use some inquiry techniques after ’’inquiry training 
Barker, in an uncontrolled study , was able to train students to 
generate hypotheses by viewing single topic films in chemistry , 0 ) * 
Gibbs, in a controlled experiment, showed that using the inquiry 
technique outlined in Teachers Guides to BSCS single topic films 
improved the quality of hypotheses produced by viewers, (H)* 

In an uncontrolled study using interview results as criteria. 



elementary school students were given "a basis for analysing social 
situations and a strategy for inquiry" when inquiry methods were 
used in sociology, (1 0) . Ramsey and Howe (18) report that Price 



could not detect any transfer of "manipulative data gathering 
activities" to a test situation outside the classroom,, In the 
same review (18), Rnun is reported as showing that there were no 
consistent changes in "inquiry strategies" from grade-to-grade 
in students using the American Association for the Advancement of 
Science course Science - A process approaoh i however , Ramsey and 



Howe also report studies by Scott and Sigel that indicate that 
"inquiry trained pupils" learn physical science concepts as well 
as or better, than normal classes. Thomas and Snider taught 



sight— graders by two techniques: "teacher centred exposition" and 



"guided discovery". They found that the more able students taught 
by the traditional approach were better able to learn the c ontent 
of the course (i.e. "had greater factual conceptual achievement") 
whereas the di scoveiy group developed better inquiry, skills, (24.), 
Studies of inquiry learning in non-science 'subjects are also 
reported in> the recent., literature.: Collins,.: in a controlled 
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eccperiment with an accelerated geometry class used discovery j 

methods to teach the students to solve problems in logic. One 

group was confronted with a problem in logic in which the 

conclusion drawn from an argument strongly challenged the pupils’ 

values. The control group, who were presented with problems I 

of the same logical type which did not challenge their values, - 

were just as competent in their ability to "state the heuristics 



of the problems" given as a post-test, but the strong confrontation 
group were significantly better in solving the problems in logic 
used in the post-test, (4-). 

The "inquiry*- discovery" group was not significantly different 
from a more conventionally taught class in Mil gram’s study of Jewish 
elementary school children being tuahgt the concepts of evil, (15)« 

In the only study of the use of Schwab’s Invitations to Enquiry 
reported in Edu cation Index , in the past four years, Meyer could find 
no differenoe in "understanding of science", "critical thinking 
ability" and "biology knowledge" (using the Test on Understanding 
Science , the Watson-G-laser Critical Thinking Appraisal and the BSCS 
Comp re he ns i ve Final reap actively) between one of his classes taught 
In the same way with the addition of one weekly session using Schwab’s 
Invita tions . However no effort was made to integrate the Invitations 
with the appropriate topics and the tests did not measure the ability 
to manipulate quantitative data, a skill dealt with in the. Invitations , 
In other studies using TOIJS it has been shown that a) the CBA, 
and GHEM Study courses produce greater understanding of science than 
o^nvehtional chemistiy bourses (Trowel);' b)f History of Science . 



O Courses can have a similar effect ( Oliver) ,* c)PSSC may produoe 
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greater gains in understanding science than traditional physios 
courses (Crumb) although Trent could not find ary differences 
in his study comparing physics o ours os (IS?)® However , studies 
using TOUS may not be valid tests of students ‘ understanding of 
the methods of scientists if there are, in fact* diverse 
patterns of inquiry in the different scientific disciplines, (?)« 



USEFULNESS OF "INVITATIONS TO INQUIRE" . 



Since there is no consistent evidence that inquiry methods 
produce an understanding of the inquiry process, give the student 
the ability to inquire, or help him learn the concepts of tte subeot, 
is there any justification of continuing to use Invitations ? 

They are used in South Australian schools, and most of the 
Invitations prepared for the Web of Life course, (16) were rated 

I teachers 



as very useful by more than thirty percent of the 1 
who replied to a questionnaire distributed/' to all Biology teachers 
in the State at the ond of 1 96 $ (Lucas, unpublished data) „ 

Only six of the Invitations were rated as of no use by more than 
two teachers . comment that . . " Invit ati on discussions appear 

to be more lively 'than s imp le p r obi em dis cus s ions " may account ~ ' v 



for part of this acceptance of Invitations : - students may appear 
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to learn more. 

Much more e^erimental wbrlc;: needs to be done before we can 

*: ' * • : ; ‘ 1 1 - • ’ v? 1 ; r - - * • * ’ 1 ‘ 1 . * ■ vr-* 



decide whether, and under what . conditions , -Invitations to* Inquiry 
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^ar^-Wuse^tiln technique • .But .if Geiimro^.s arid Yager and Wick f s- 

. yy ~ i ^ \, t y ( _ t , 

findings '(18) that a ■" multidimensional" approach, to. Biology 
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teaching produces greater understanding of the nature of science 
can he replicated. Invitations may form one useful "dimension" 
even if, in themselves, they have 1 ittle effect* 
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SECTION V 



WORKING- GROUPS 

Three separate working groups were established to discuss 
particular aspects of biological education in secondary schools. 

The reports of these groups were presented to the whole conference 
at the last session and the recommendations that they contain 
approved. The reports of the working groups on Evaluation . 
Materials and Methods and Content were prepared by Mr. H. D. Batten 
Mr, L, T. Bamford and Mr, I, R, Mosel respectively,. 
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EVALUATION OF THE AIMS 



Some confusion s unrounded the area to be investigated by this 
working group, however it v/as agreed that it would be most useful 
to review the various forms of evaluation applicable to the teaching 



The term evaluation is applied by several sources to fit 
different situations*'- IV/ o publications from the recent ASEP 
g ui de li nes Conference were found useful in exercising the mind 
in this regard. These publications available from the Chairman 
of each State Advisory Committee for the Australian Science Education 
Project are Evaluation — Perspectives and Possibilities and 
The Kinds of Services and Evaluation Procedures that could be 
provided for in the Australian Science Education Project * 



Review of forms of Assessment, 

1 * Biology Readiness Materials* 

A set of these materials has already been prepared for the 



’Web of Life’ course and is available from A.G.E.R. Such 



materials take the form of multiple . choice items, testing basic 





skills, ideas, and concepts, a grasp of which is considered 
desirable before students begin work . on various sections of the 
course Associated with these items are remedial activities 
written in programmed form* (See Gardner, <T* Bioly Bduo. 1969), 
Mastery of terms V ... ' - V'-- \ - 



These items were intended to measure a mastery or comprehension of 
a w.ord or phrase in its app ropriate context ; generally at a 
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relatively simple level, e,g, consumer, energy. 

A list of suitable words/phrases should be readily available 
from teachers involved in the subject. It was considered 
that these tests should not ordinarily be used for grading 
purposes. There may be some advantage in these materials 
being t©aoher"-f ree , perhaps to be administered by th© children 
themselves at home after reading the text etc, 

3. Diagnostic Test Battery 

Here again some test forms are soon to be available for the 
'Web of Life' course, (Six tests for Part 1 j nine for Part 11 - 
including an Achievement Test). They are multiple-choice in form 
and based specifically on materials just studied, - • 



Generally diagnostic materials require an understanding of 
concepts and single propositions, Remedial aids are associated 
with these tests, and they include longer response items. 

There is a lack of these materials available for other courses 
and the construction of such mteriala was considered a fairly 
urgent task, 

A, Achievement materials 



(a) The use of this type of test material may well be applied to the 
evaluation of the course itself and may, in special circumstances , 
be used to identify- individual student "gains” in all the 
behavioral skills in the cognitive area thought appropriate to 
biology students,. .... . ‘ ... . . , .. .. . 



In regard to the "gains " made by the Individual. . student: it was 









thought possible to, construct content, free tests of aptitude 
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in biological material, perhaps even from exists, it Commonwealth 
Secondary Scholarship Examination materials. 

(b)The application of achievement type materials to obtain an 



was firmly of the opinion that such tests conflict 
with the basic aims of biology teaching. 

A written examination can only test a limited 
number of aims and therefore is quite unsuitable 
as a single total measure of the course achievement. 
A further complication is introduced in Grade 12 
when the instruments of evaluation are also used 
as instruments of selection for tertiary institutions 
The splitting of these two functions is already 
under serious consideration. 

(ii) Out of the external examination environment, the 

group divided on the need to retain these tests to 
achieve gradings or ranks. Some members considered 



absolute measure of a pupil’s achievement was considered in 



two parts 



(i) In the external examination system, th© group 



= ; - 




fulfilling the educator’s duly t o parents Others 



quest! oned these statements about "incentives " , 




e.g. when a pupil is contlnuouslybelovv satisfactory 




levels of performance „ and would prefer to establish 








225 



Teachers of biology- should be encouraged and instructed 
in the possibilities of forms of assessment other than 
formal written tests. Such items include multiple- 
choice materials, s hart-answer questions, essays, 
assignments, laboratory reports, individual or group 
laboratory projects, checklists for laboratory work 
and skills, and for discussions. These methods of 
assessment which indicate whether the student has 
coped with the total materials may be added together 
weighing them in terms of the course objectives. 



5 * 



Affective domain 



This domain relies mainly on subjective estimates made by the 



teacher and generally is included in the forms of assessment 



previously noted. 

The group suggested that the development of suitable attitude 
scales should be encouraged. 



Forms of Items 



The group firmly recognized that course objectives can only be 
assessed when both multiple-choice and longer response questions are 



used. 





objectives, if applicable, are included in these forms ; Assessment 

of knowledge in itself y is prob^i^ more appropriate to multiple— choice 
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however, it was recognised that the reliability of marking procedures 
of these materials needed careful investigation* There is now 
significant evidence concerning the values of multiple marking 
of such pieces of work. Further, two shorter pieces of communication 
provide more reliable evidence of a ohild , s skill in communication than 
does one longer essay. 



Ee commendations 

The wor3d.ng group were firmly of the opinion that the whole aspect 



of evaluation of biology courses, *Web of Life* and others, should 



now be considered carefully and a systematic and organized approach 
taken in regard to the development of appropriate materials. 

It was recognized that the A.C.E.R, had administered a project to 



develop Diagnostic Test Materials which included contributions from 



Victoria, South Australia, Queensland, and Tasmania, This situation, 
it was felt , could be regarded as a model for future developments. 

The matter was felt to he urgent as course modifications were now 



being considered in several States, 

This working group recommends to the AcadenQr therefore, that an 
investigation be made of possible fund sources to establish a programme 



for the construction, trialling, and dissemination of evaluation 
materials appropriate both for whole courses and course parts. 




227 



3MTJSRIALS AMD METHODS 



This group spent most of its time discussing the variety of 
materials that are useful for 'biology oourses at the senior level 
of the secondary school* The discussion is reported under the 
headings used in the group. 

1 . Text Books * 



In a rapidly growing discipline, school text hooks are rapidly 
out of date, with , in many cases, incorrect or inadequate explanations 
of phenomena being presented, Very few teachers have the opp ortuniiy 
to read the current scientific literature, and they are forced to rely 



on the students 1 and other texts to update their knowledge. The 
group supported Mr, Hutton’s suggestion (see page 14-S^) of a newsletter 
or leaflets being produced for pupils as well as for teachers. There 
was a strong feeling that such leaflets should be directly related to 
each particular text and should be the responsibility of the producers 



of the text, 

2, Laboratory Manuals, 

Laboratory manuals were felt to be useful, but it was thought 
that they should contain a large number of exercises. The teacher 
could then choose which exercises his olaj will perform. 

Mary group members felt that instructions in laboratory manuals 
should, whenever possible, be given in a pictorial form. Y/he never 

this is not possible, the group felt that the procedure is much 
. : clearer if set , out in numbered steps. .i - - ' v . 

In addition, it was . felt* that long term laboratory— centred 
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exercises, similar to the B.S.O.S Laboratory Blocks , written for 
Australian students would be useful with the more able or repeating 
students. 

The group felt that the supply of materials for use in the 
laboratory exercises was not a function of course designers. 

3 • Audio -visual aids. 

It was brought to the attention of the group that many visual 



aids for senior biology courses are now becoming commercially 
available, at least for the Web of life course. However, there is 
a demand for locally produced film loops to illustrate and help 



develop some of the concepts of Australian courses. The production 
and supply of such films should be investigated by course developers. 

Some discussion was given to video— tape and electronic video 
recording, but it was pointed out when this report was made to the 
7/hole conference that the supply of 16mm colour movie film may be 
(almost) as cheap as and more effective than production and distribution 
of video tapes. 

Tape recordings, or grammop hone records stamped on paper, of 
scientists with something; topical and relevant to say about some 
aspect of a ^course may be useful and it was felt that production 
; of ’ such materials should bo investigated. - •' ” 

It may be possible to approach industry to produce and distribute 
wall charts relevant to a particular course. The charts produced 
1 T^^I!sso■-■ Petroleum des c rib in g the geology and paleontology of the 
Bas3 Strait oil fields were mentioned as examples of the type of 






.-hart which could bo useful. 
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Audio-tutorial systems (see Australian Science Teachers Journal, 
1_6, part 1 , 1970 for a discussion and description of* the methods 



used in this technique) 



were described and the group felt that these 



techniques should he investigated in terms of providing individual 
instruction and as a remedial teaching device for slow learners, 

A* The group felt that Invitations to Inquiry were a useful resource, 
hut that they were more useful for some teachers than for others, 

A rigorous investigation of the worth of the present Invi tat i ona 
was suggested. It was suggested that the proposed leaflets 
(see 1, above) could form the basis of an open-ended disoussion, 
if careful prepared questions were asked in the articles, 

5. Professor Johnson’s background paper was considered and the 

group felt that the involvement of the student in the work was 
the main advantage of using a discussion technique. This raises 
one major problem: questions which will involve an. able student 

often do not suit a slow learner. The group felt that course 
designers should provide problems and questions graded in difficulty 
to cater for the differences in student ability. 

6, Since field stations are felt to be a major asset in biology 
teaching, the group recommended that the Australian Academy of 
Science support the establishment of Field Study Centres throughout 
Australia, Similar' support should be given for the establishment 
of outdoor laboratories for schools. In lending such support, 

the Academy should be asked to ensure that collecting of specimens 

in such centres is actively discouraged. It was suggested that 



£J^j£ature Walks might be a suitable me 





using such Field Study Centres. 
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CONSENT 

The group discussing -this subject; felt that it would be more 
profitable to produce a list of conceptual themes which should be 
part of ai^y school biology course rather than to agree on a long 
list to specific topics and examples which might be included in a 
course* 

The conceptual themes that the group decided would form a 
framework upon which to build s, course are listed below: : 

DIVERSITY 
CONTINUITY 
HOMEOSTASIS 
EVOLUTION 

INTERRELATIONSHIPS 

CULTURE 

ADAPTATION 

The group meant "Homeostasis" to include cellular, physiological 
and ecological/ mechanisms that cause the systems to tend to equilibrium 
conditions! "Interrelationships" to refer to the interactions between, 
different organisms of the same or different species, and between 
organisms and their abiotic environment! "Culture" to be a biolo^s ts 
view of human culture, man's culiuralevolution, (including the 
development of language and tools) and his institutions and antifaots! 
and "Adaptation" was seen as those features of morphology, behavior 
and processes of organisms which fit them for life in their 
environment : such adaptations may be evolutional^ or physiological. 

me 
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It was mad® clear that since there is a considerable degree 
of overlap and interaction be tweon these themes they should not he 
thought of as a list in order of priority or as themes to be 
treated sequentially in some other order, hut as a framework 
upon which a course could be built. It was felt that the ideas of 
scientific process should permeate the whole content of the course. 
There was much discussion of the treatment to be given to 
fflan's place in the biosphere in a school biology course. As Boyden 
points out (p , 1 08) this is one of th© interfaces of biology with 
other disciplines, and we can treat the role of man from the social 
scientists 1 or the biological scientists 1 viewpoint. The group agreed 
that important decisions by man are needed if some of the problems 
of the world are to be solved. There are biological principles 
and scientific methods of investigation which can be employed to 
solve those problems which are in the province of the biologist, 
and there is a whole range of human interactions, and interactions 
between man and the rest of the biosphere that require the social 
scientists special competencies for study. However, the dividing 
line between these two areas becomes blurred in such "problems *' as 
©xpioitation and pollution of the environment, drug usage, population 
growth and the economics of food production. 

There was strong agreement that such topics should be discussed 
in the school situation, but the group initially divided on the 
place of such studies in a Biology course. It was finally agreed, 
however, that the rhetoric used in discussion of these matters is 
oh that scientific attitudes and processes are often ignored or 
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neglected when discussing such topics as ''pollution 1 ** This term 
is an emotionally charged word; what man often does is change 
certain features of the 'biosphere * It was felt that Biology 
teachers would have the greatest effect in producing citizens aware 
of the way man has helped bring about conditions which may threaten 
his survival by retaining an objective, balanced view of the world, 
but at the same time arming their students with reliable, documented 
information about the effects of man*s activities. When discussing 
the consequences of addition of DDT to the environment, for 
example, data on the mortality of insectivorous birds, and on 
the effect of cessation of DDT application on the incidence of 
malaria in Ceylon should both be given. 
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RECOMMENDATIONS 



The recommendation made after each of the discussions have been 
collected hers for reference. They have been stated briefly, and 
an explanation of them may be found in the appropriate discussion 
report. 

The conference recommends that 

1 , The following broad objectives should form a framework 



within which courses and materials for biology teaching 



should be developed? 



(a) Biology courses at all secondary levels should be 



planned so that man’s place in 



, and interaction with. 



the biosphere permeates the whole course. 



(b) All bid' ogy courses should show something of the 



processes and logic of science, not as a separate 



topic, but within the framework of the course content. 



2 . 



The following inter— related conceptual themes should form 



the framework of any biology course 



(a) Diversity 



(b ) C ontinuit y 



( o ) Homeostasis 

(d) Evolution 

(©) Interrelationships 




Culture 



(g) Adaptation 






A programme for the construction,, trialling and dissemination 
of evaluation materials appropriate for whole courses, and 
particular parts of courses should be established. 

Producers of Biology textbooks should provide newsletters 
at regular intervals for students and teachers using their 
course to provide accurate, current esqplanations of topics 
treated in the texts , 

"Laboratory Blocks" be written for Australian conditions. 
Course developers investigate the production and supply 
of film-loops and audio-visual aids to illustrate and help 
develop concepts in the course. 

Problems and questions graded in difficulty should be 
provided as part of biology courses. 

The Australian Academy of Science support the establishment 
of Field Study Centres with the proviso that collection 
of specimens in such centres' be actively discouraged. 



